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ABSTRACT
The nature of chronic toxicities caused by poly­
chlorinated biphenyls (PCBs) presents an immediate health 
hazard. It is established now that they are disturbingly 
widespread in the earth's biosphere. They demand careful 
consideration owing to their industrial indispensability 
on one hand and easy accessibility to food chains on the 
other. Studies conducted so far were more concentrated on 
their environmental implications. The present investiga­
tion was designed with a multi-dimensional approach having 
emphasis on their impact on foods. Since this project 
involved several aspects of PCB contamination, the results 
are summarized as follows: (1) combined gas chromatography/
mass spectrometric identification, (2) effect of gamma 
radiation, (3) impact of ultraviolet radiation, (4) migra­
tory patterns into foods, (5) sun-drying effects,
(6) freeze-drying effects, and (7) identification and 
quantitation techniques.
Mass spectrometric identification revealed that PCB 
mixtures, Aroclor 1254 and 1260, consisted of different 
chlorinated biphenyls represented by different peaks. Di-, 
tri-, tetra-, penta-, hexa- and heptachlorobiphenyls were 
identified in Aroclor 1254 and an addition of octa-, nona- 
and decachlorobiphenyls was noted in Aroclor 1260. The
x
retention time was dependent on percent chlorination.
Gamma radiation reduced PCB mixtures considerably. 
Addition of potassium hydroxide accelerated reduction to 
69.9% and 51.2% respectively. Maximum degradation was ob­
served in the presence of calcium hydroxide. The altera­
tions were attributed to (a) radiation effect on removal 
of chloride ions, (b) substitution of hydroxyl ions, and 
(c) availability of more hydroxyl and divalent calcium ions 
in presence of calcium hydroxide. Dynamic changes were ob­
served on exposure whereby higher chlorinated biphenyls 
were reduced to lower ones and the lower ones in turn 
degraded simultaneously.
Complete degradation of Aroclor 1254 and 1260 was 
observed after 12 hours and 20 hours of exposure to ultra­
violet radiation. Sodium nitrite treatment reduced this 
time to 6 and 12 hours respectively. The reduction was 
proportional to the exposure time and was dependent on the 
intensity of the energy applied. Degradation was slower in 
petroleum ether than in hexane. Both lower and higher 
chlorinated biphenyls degraded simultaneously. The pres­
ence of ultraviolet light in sunlight proves this technique 
to be potentially indispensable especially for environmental 
pollutants.
Beef, shrimp and rice were selected to study the 
mechanism and migratory patterns of PCBs. Beef exhibited 
maximum tendency to accumulate higher concentrations of
xi
PCBs. Adsorptive phenomena and/or vapor phase phenomena 
resulted in migratory tendency Observed. Rice and shrimp 
showed less adsorption on immediate exposure but eventually 
demonstrated slow migration upon storage. PCBs were found 
to adhere on the outer shell of shrimp and the migration 
was dependent on (i) surface area, (ii) fat content,
(iii) moisture, and (iv) adsorptive surfaces.
Complete degradation of Aroclor 1254 took place 
after sun-drying for 30 hours in sodium nitrite treated 
shrimp and 36 hours in the untreated shrimp. Aroclor 1260 
required 48 and 60 hours respectively. Sun-drying effect 
was dependent on the degree of chlorination. Reductive 
dechlorination, isomerization and polymerization phenomena 
resulted in the degradation process observed. This tech- 
nqiue has potential applicability in areas where sun-drying 
of shrimp is a common practice.
Freeze-drying of shrimp homogenate resulted in 40.3% 
and 25.2% reduction and 26.8% and 22.6% reduction in whole 
eggs for Aroclor 1254 and 1260 respectively. Greater vola­
tilization was observed from the less dense shrimp homoge­
nate than viscous egg sample. Possible structural formula­
tions or surface area modifications were presumed to be 
responsible for alterations.
A new approach for PCB quantitation was outlined 
based on comparative evaluations of five Aroclor solutions. 
A combined representative chromatogram was obtained which 
facilitated easy identification of PCBs.
xii
INTRODUCTION
The universal presence and toxicity of polychlori­
nated biphenyls pose threats to the environment as well as 
to human health. The fact that classifies them as truly 
ubiquitous pollutants is their detection in a wide variety 
of samples collected from England, Scandinavia, Nether­
lands, Antarctica, Central America, Japan and different 
parts of the United States. Their importance soared with 
the news accompany forced destruction of 50,000 turkeys in 
Minnesota, 88,000 chickens in North Carolina, and tens of 
thousands of chicken eggs at different locations in the 
United States. Paradoxically, these compounds were re­
ported in environmental samples very recently, although 
they have been in commercial use for the last forty years. 
It is well established now that they are disturbingly wide­
spread in the ecosystem, including human adipose tissue, 
human milk, and even brain and liver of small children.
However, it is interesting to note that the proper­
ties which make them industrially indispensable are the 
same properties which cause them to persist in the environ­
ment. These include thermal stability, water insolubility, 
resistance to oxidation and hydrolysis, solubility in or­
ganic solvents, high dielectric constant and compatability
1
2with different types of polymers. Their enormous commer­
cial uses include incorporation in adhesives, paints, 
varnishes, printing inks, elastomeres, lubricants, hy­
draulic fluids, liquid seals, cutting oils, flexible pack- 
agings, plasticizers, heat transfer fluids, fire retard­
ants, carbonless reproducing papers and fluorescent fix­
tures. Thus they can be encountered, in one form or an­
other, at very common places such as kitchens, restaurants, 
stores and offices. This also shows the numerous ways by 
which they can get into the environment and gain access to 
marine food chains through contaminated waters. The inci­
dence of PCBs has been found to be highest in industrial­
ized and urbanized areas.
There are numerous ways by which PCBs can find their 
way into food and food products. Recently, mass scale 
poisoning affecting 10,000 persons was reported from Japan 
where rice oil had been contaminated through a leak in the 
mechanical equipment. Contaminated animal feeds have been 
the cause of seizure, withdrawal, or both, of a large num­
ber of food products from the market, ranging from turkeys, 
chickens, eggs, and milk to poultry rations and fish chow. 
Also, their presence in recycled paper and plasticizer used 
for packaging brings them into close proximity to various 
food products.
Toxicity of PCBs to man results in distinct effects 
on liver and skin. Their lipid solubility also explains
their long-term toxicity after slow accumulation in fatty 
tissues where they may achieve dangerous proportions during 
stress, disease and starvation. The apparent pathological 
symptoms are liver damage, skin lesions or "chloracne," 
visual impairment, porphyria, edema, and immunosuppression. 
Newborn and stillborn infants from poisoned mothers have 
darkish skin and their growth rate is slower than normal. 
The higher the chlorine content q>f the biphenyl compound, 
the more toxic it is likely to be. Additional symptoms of 
PCB poisoning noted in Japan are bronchitis, increase of 
neutral fat in the blood, and decaying teeth. Intense ex­
posure leads to death by severe liver damage. In animals 
it leads to low fertility, retarded development, liver 
damage, thin egg shell formation and enlarged kidneys.
Considering the potential threat by PCBs to the en­
vironment and foods, the U.S. Federal Drug Administration 
recognized that there is an immediate need for their reduc­
tion or elimination. In the interim, temporary tolerances 
are being imposed to limit human exposure from those foods 
contaminated with PCBs. Foods for which temporary toler­
ance levels are established are milk (2.5 ppm), poultry 
(5 ppm), eggs (0.5 ppm), fish and shellfish (5 ppm) and 
infant and junior foods (0.2 ppm). Federal and State 
agencies are actively engaged in research pertaining to 
toxicology of PCBs.
However, very little research work has been done so
far, particularly with foods, and there are several areas 
which are unexplored. Taking into consideration all the 
factors involved and the urgent need to eliminate the 
hazard to public health, this project was designed to 
undertake a multi-dimensional approach to the problem with 
emphasis on foods. Although the investigation considers 
foods in particular, it covers the overall impact on the 
environment.
The broad spectrum of this study includes:
(1) identification of various components of PCBs; (2) elu­
cidation of the ways by which they can migrate into foods; 
(3) development of physical and chemical methods to reduce 
or eliminate them; (4) determination of the impact of food 
processing techniques on their degradation; and (5) elabo­
ration of an applicable method for PCB determination in 
foods.
Since these objectives involve various aspects, they 
are divided into the following sections: (i) combined gas
chromatographic/mass spectrometric identification of PCBs; 
(ii) effect of gamma radiation on PCBs in solution and in 
the presence of potassium hydroxide, calcium hydroxide, 
iron and water; (iii) effect of ultra-violet radiation on 
PCBs in solution and in the presence of sodium nitrite;
(iv) migratory patterns of PCBs into beef, rice and shrimp 
reprsenting fat, carbohydrate and protein categories;
(v) impact of sun-drying and sodium nitrite treatment on
5PCBs, considering sun-drying of shrimp; (vi) effect of 
freeze-drying on PCBs with reference to whole eggs and 
shrimp; and (vii) development of a PCB identification and 
quantitation method.
REVIEW OF LITERATURE
Introduction
Recently, a special class of compounds commonly re­
ferred to as PCBs (polychlorinated biphenyls) has attracted 
world-wide attention of ecologists and scientists. It is 
paradoxical that although they were widely used commer­
cially during the last forty years, it was only in 1966 
that these compounds were reported to be present in environ­
mental samples (Jenson, 1966) and in the following years 
PCB contamination was found to be almost universal, includ­
ing human milk, human adipose tissue and brain and liver of 
small children (Biros et al., 1970).
The generic term PCBs is an abbreviation of a term 
used to describe the class of compounds referred to collec­
tively as polychlorinated biphenyls, and the commercial 
products are a family of partially or wholly chlorinated 
isomers of biphenyl. In a biphenyl molecule are ten posi­
tions available for chlorine substitution, and the number 
of substitution combinations through the chlorination 
process amounts to some 210 compounds. For example, there 
will be 3 monochloro-substituted biphenyls; 12 dichloro;
21 trichloro; and so forth as the number of chlorines in 
the molecule is increased. Industrially, PCBs are produced
6
7and sold as relatively crude mixtures of these isomers.
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FIGURE 1. Structural configuration of PCBs
Entry, Accumulation and Levels 
of PCBs in the Environment
The nature of chronic toxicities caused by PCBs has 
led to the study of their extensive distribution in the eco­
system, and the routes by which they find their way into 
the environment. It is interesting to note that the proper­
ties which make them industrially indispensable are the 
same properties which cause them to persist in the environ­
ment. These include thermal stability; solubility in a wide 
range of organic solvents; water insolubility; resistance 
to oxidation and hydrolysis; high dielectric constant and 
compatibility with several types of macromolecules. Also, 
their resistance to oxidation and hydrolysis makes them 
more stable and persistent than DDT (Gustafson, 1970).
The ubiquity of PCBs can be established from the 
fact that rainwater in England, brown seals on the coast 
of Scotland, white-tailed eagles in Sweden, cod in the 
Baltic Sea, mussels in the Netherlands, Adelic penguin
8eggs in Antarctica, brown pelican eggs in Panama, Arctic 
terns, shrimp in Florida, river water in Japan, waters in 
the Great Lakes, human hair, and human adipose tissue, were 
ail found to contain PCBs, thus making them a class of uni- 
verally dispersed pollutants.
When a solution or dispersion of PCBs is discharged 
into a river or lake, the PCBs will accumulate on the sedi­
ment because of their low solubility, finally assuming 
relatively high concentrations. Subsequently, it is likely 
to take a long time to flush out a contaminated area.
There are numerous ways by which PCBs can get into 
the ecosystem. Incineration is one method, and certain 
products which contain PCBs as plasticizers, spent ballasts 
from fluorescent light fixtures and objects coated with 
PCB-formulated coatings, all find their way into disposal 
systems and to the incinerator for burning. Direct spills 
or leakages from the heat exchange systems can be another 
route of replenishing PCBs. Eventually they do not burn 
but are vaporized and carried into the atmosphere, where 
they collect on the particulate matter and subsequently are 
returned to the earth's surface and finally to rivers, 
lakes and oceans, thus becoming widely distributed in the 
environment.
An important source of contamination can originate 
directly from the point of manufacture, and the plants 
where PCBs are processed into other products. Plant
ventilation and exhaust systems can allow them to escape 
into the atmosphere and consequently they may reach sewers 
and waterways. It is noteworthy that waste fluids contain­
ing insoluble PCBs are usually quickly bound to some or­
ganic entity such as river or lake sediments, algae or 
protozoa.
PCBs were not discovered in environmental samples 
until very recently, because they were not deliberately 
distributed around the ecosystem. They demonstrated rela­
tively low acute toxicities and they were difficult to de­
tect analytically. PCBs were discovered rather acciden­
tally because they interfered with the analysis of the 
organo-chlorine pesticides and they contained enough 
chlorine atoms to be detected by the electron-capture de­
tectors in the range of tenths or hundredths parts per 
million (Peakall, 1971).
The incidence of PCBs has been found to be highest 
in industrialized and urbanized areas. A recent survey 
reported 32,000 ppm in paddies around an insulator factory 
in Japan (Japan Times, 197 3). Similarly, some samples of 
mackerel were found to contain up to an amount of 4 ppm in 
the Tokyo Metropolitan area (Japan Times, 1973). Also, 
birds whose primary habitat was the San Francisco Bay area 
showed a larger concentration of PCBs per unit of body 
weight than those located in Baja California, which is 
completely rural. The aquatic life around the archipelago
of Stockholm, the most industrialized area of Sweden, had 
a higher concentration of PCBs than fish samples taken 
from the Western coast of Sweden, a comparatively less de­
veloped area. Sediment samples taken from Southern por­
tions of Lake Michigan had a higher concentration than 
those from other parts of the lake (Gustafson, 1970). 
Officials of a research institute in Japan believe that 
the substance has been released into the environment with 
waste ink and plastics, and from there found its way into 
the chain of food cycle and human bodies (Japan Times, 
1973). The reason that PCBs have not been found in the 
ecosystem as extensively as DDT is that they were not in­
tended to get into the environment, but they do so because 
of their unique chemical properties, which enable them to 
escape and become widely dispersed. It has been reported 
that the concentration of PCBs in the environment was as 
high as that of DDT in Sweden, where the use of DDT has 
been curtailed (Gustafson, 1970). The DDT/PCB ratio has 
been used by Risebrough et al. (1968) as an environmental 
index, but while comparing the data based on this index it 
is imperative to take into consideration various biologi­
cal factors such as tissue distribution, species metabo­
lism, migration, diet, health and age, since all these 
affect residue concentrations. These authors also found 
that the DDT/PCB ratio was low, below 2, near industrial 
areas and increased with distance, having a maximum of 10 
in remote regions.
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A few instances of high levels of PCBs in cows' milk 
were traced to sealants used on the silo walls. Corn 
silage extract showed remarkable ability to solubilize PCBs 
(Hutzinger et al., 1972). The removal of contaminated 
silage from cows' diet resulted in a 50% decrease in PCB 
content of milk. Skrentny et al. (1971) reported on the 
levels of PCBs found’in silage in silos which had been
treated with a sealant containing PCBs.
PCBs have also been detected and analyzed qualita­
tively in fish and shellfish from Texas and Georgia, and
in the Gulf of Mexico. Levels of less than 0.1 ppm were
found in fish and blue crabs in estuarine waters at Charles­
ton, South Carolina (Duke et al., 1970). They also moni­
tored the results of an industrial leakage into the Escam­
bia River, which was carried away through the Gulf of 
Mexico. Maximum levels at the source ranged from a high 
of 486 ppm in sediment to a low of 20 ppm in fish, Crusta­
cea and sediment in the outer bays. The best indicators 
of the contamination levels were shown to be static orga­
nisms like oysters (Duke et al., 1970).
It has been established that the fish-eating birds 
will accumulate large concentrations of PCBs and is veri­
fied by the fact that white-tailed eagles were found to 
have as much as 14,000 ppm of PCBs. When shrimp were ex­
posed to 10 ppb of Aroclor 1254 for 48 hours, they accumu­
lated 1300 ppb of PCBs in a very short time. Oysters
12
exposed to similar concentration of Aroclor 1254 for 96 
hours and then transferred to PCB-free water for 4 days 
still had a concentration of 33,000 ppb of PCBs (Gustafson,
1970).
This leads to the inference that although the con­
centration of PCBs may be in minute quantities in the en­
vironment, their high lipid solubility causes them to 
accumulate in fatty tissues of lower animals and marine 
life. Similarly they can be expected to accumulate in 
relatively higher concentrations in species at the top of 
a food chain, particularly in their lipid tissues and 
liver.
Physico-Chemical Properties of PCBs
There are three characteristic physical properties 
of PCBs which make them indispensable for industrial appli­
cations, which are: (1) high boiling points, (2) low water
solubilities, and (3) high dielectric constants. PCBs are 
miscible with most organic solvents, are compatible with 
many types of polymers, and usually range from mobile 
liquids to crystalline materials or hard resins.
PCBs are extremely stable compounds, which are not 
hydrolyzed by water, acid or alkali, and demonstrate ther­
mal stability to an extent that they are used in fire- 
proofing. They can be heated to 140°C under 260 psi of 
oxygen pressure without showing any signs of oxidation
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(Gustafson, 1970), and they are insoluble in water and 
highly soluble in lipids. Structurally they resemble 
chlorinated hydrocarbons such as DDT, are thermoplastic, 
non-drying, and stable on long heating at 150°C. Electri­
cally, PCBs are non-conducting, do not support combustion 
when alone above 360°C and are easily soluble in most 
common solvents and drying oils. It is obvious that the 
stability of these compounds makes them extremely useful 
and versatile for numerous formulations and applications.
Industrial Applications of PCBs
The industrial uses of PCBs include or did include, 
in the past, incorporation in elastomeres, adhesives, 
paints, varnishes, printing inks and as general fillers. 
Excellent dielectric properties encouraged their use in 
electric insulators and as coolant insulators in trans­
formers. Their stability and low vapor pressures make 
them ideal as lubricants, hydraulic fluids, liquid seals, 
cutting oils and vacuum diffusion pump oils. In addition 
to all these applications, it has been reported (Edwards,
1971) that they act as effect vapor suppressants in insec­
ticide formulations, thereby prolonging the active life of 
an application.
In general, the major industrial uses of PCBs can 
be classified as follows:
1. Dielectric fluids— as in capacitors and trans­
formers .
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2. Industrial fluids— as in hydraulic systems, gas 
turbines and vacuum pumps.
3. Plasticizer— as in adhesives, textiles, surface 
coatings, sealants and copying paper.
4. Heat transfer fluid.
5. Fire retardant.
The largest single use of PCBs is related to their 
electrical properties as coolant-insulation fluids in 
transformers. Other uses include formulation into ballasts 
for fluorescent fixtures, impregnation of cotton and asbes­
tos for braided insulation of electrical wiring, as plasti- 
cizers in wire and cable coatings, capacitors and askarel- 
type transformers and as a plasticizer of vinyl chloride 
polymer films. PCBs also find applications as high- 
pressure hydraulic fluids, in specialized lubricants and 
gasket sealers, and as heat transfer agents and machine 
tool cutting oils mainly because of their thermal stability 
and fire resistance.
Miscellaneous uses include formulation into some 
epoxy paints, as protective coatings for wood, metal and 
concrete, as adhesives, and in carbonless reproducing paper. 
Eventually, the extensive applications of PCBs forecast 
that they are present in many types of products and it is 
difficult to remove them during their movement to the do­
mestic market. When found in fluorescent fixtures they can 
be expected to be present in such common places as kitchens,
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stores, and offices. Also, when carbonless office forms 
are used, PCBs are generally formulated into the micro­
capsules of dye that comprise the reproducing layer of the 
business form. They have also been found in the trans­
parent receipts used in credit card charge forms (Gustaf­
son, 1970). They are sold in a variety of forms in differ­
ent countries under various trade names as mentioned in 
Table I.
Manufacture and Nomenclature of PCBs
Structurally, PCBs can be represented as a hetero­
geneous group of chemicals with varying numbers of chlorine 
atoms substituted on the biphenyl radical. Figure 3 indi­
cates the number of possible isomers, and evidently 210 
different isomers are possible by chlorination of any one 
or all of the ten available positions. However, it is not 
known as to which, or how many, of these isomers are in­
volved in food contamination.
Commercially, PCBs are manufactured by a process in 
which biphenyls are chlorinated with anhydrous chlorine in 
a tall cylindrical tower with either iron filings or ferric 
chloride serving as the catalyst. The resulting product is 
a mixture of several PCBs and the byproduct is HC1. The 
degree of chlorination can be determined by the specific 
gravity, and in the case of viscous products, the ball-and- 
ring softening point test is usually employed. The whole
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TABLE I
COMMERCIAL NAMES FOR PCBs IN WORLD MARKET
Country Trade Name Manufacturer
1. Germany CLOPHEN I.G. Farbenindustrie A.G
2. Italy FENCHLOR Caffaro
3. France KANECHLOR Kanegafuchi Chem. Co
4. Russia PHENOCLOR (not known)
5. United Kingdom AROCLOR Monsanto Co.
6. Canada AROCLOR Monsanto Co.
7. U.S.A. AROCLOR Monsanto Co.
8. U.S.A. CHLOREXTOL Allis-Chalmers Mfg. Co.
9. U.S.A. DYKANOL Federal Pacific Elec. Co
10. U.S.A. INERTEEN Westinghouse Elec. Co.
11. U.S.A. PYRANOL General Electric Co.
12. U.S.A. THERMINOL Monsanto Co.
13. U.S.A. NOFLAMOL Wagner Electric Co.
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process takes from 12 to 36 hours.
r.— n. r— ^ (Iron filings) 
c x 2 (Ga.> + f \ - f \  “  "  +  H C 1
\ = /  \ = /  FeCl3
(Biphenyl)
FIGURE 2. PCB manufacturing process.
In the United States, Monsanto sold these products 
under the trade name of "AROCLOR." The various Aroclors 
are differentiated by a four-digit number with the last two 
digits indicating the percentage of chlorine in the mixture. 
Industrially they are sold as relatively crude mixtures of 
the isomers (Table II).
The average number of chlorines and the numerical 
code for most of the Aroclor products are as follows:
Aroclor 1200— series represent a biphenyl product,
while the last two digits represent the 
percent chlorine in the product. For 
example, Aroclor 1254 and 1260 represent 
PCB formulation containing 54% and 60% 
chlorine content, respectively.
Aroclor 2565— a blend of biphenyl and triphenyl (75:25).
Aroclor 4465— a blend of biphenyl and triphenyl (60:40).
Aroclor 5442— a chlorinated triphenyl.
Aroclor 1016— a distilled product of 1254, which is 
more toxic than 1232 or 1242.
Aroclor 1254 and 1260 are the most prevalent forms 
of PCBs in the environment as well as in foods, and are 
usually referred to as the standards in research work.
Aroclor 1254. It contains mostly pentachlorobi- 
phenyls with significant but smaller amounts of tetra and
TABLE II
DESCRIPTION OF COMMERCIAL PCBs (AROCLORS) IN U.S.A.
Name Average^Empirical Average^olecular struotural Pormula
AROCLOR 1221 C H Cl
12 8.8 1.2
AROCLOR 1232 C H Cl
12 8.1 1.9
AROCLOR 1242 C H Cl
12 6.9 3.1
AROCLOR 1248 C H Cl
12 6.1 3.9
AROCLOR 1254 C H Cl
12 5.0 5.0
AROCLOR 1260 C H Cl
12 3.7 6.3
AROCLOR 1262 C H Cl
12 3.2 6.8
194
214
261
289
326
371
388
Cl 1.9
Cl 3.1
Cl 3.9
Cl 5.0
Cl 6.3
Cl 6.8
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32
42
48
54
60
62
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Chlorines on 'A' Ring
0 1 2 3 4 5
0 1 3 6 6 3 1
tr>
G
■H 1 6 18 18 9 3
m
2 21 36 18 6
c
o
Ch
lo
ri
ne
s 3 21 18 6
4
5
6 3
1
Total Total
Possible 1 9 45 81 54 20 210
Isomers
FIGURE 2a. The structural configuration for biphenyl and 
possible sites for chlorination.
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hexachlorobiphenyls. Mean chlorine value is 5 atoms per 
molecule. The most abundant substitutions are: 2,5,— ;
3.4 ,---; 2,3,4,— ; 2,3,6,— ; 2,4,5,—  and 2,3,4,5,--;
Aroclor 1260. Mainly, it contains hexachlorobi­
phenyls with a significant level of heptachlorobiphenyls. 
Mean chlorine value is 6.1 atoms per biphenyl molecule.
Most frequent substitution patterns are: 2,5,— ; 3,4,— ;
2.3.4,--; 2,3,6,——; 2,4,5,——; 2,3,4,5,——; 2,3,5,——;
2 ,3,4,6, — ; and 2,3,5,6, — .
The prevalent substitution patterns of compounds 
found in commercial PCB preparation are shown in Figures 2a 
and 3.
Cl Cl Cl
j
// \ J \ / V C1 / Vxi
ci ci cl
Cl Cl Cl Cl
y^ cl vgC1 -Cgc1
Cl Cl Cl Cl Cl Cl
FIGURE 3. Prevalent substitution patterns of compounds 
found in commercial PCB preparation, repre­
senting only one phenyl ring (Hutzinger,
Safe and Zitko, 1972)
21
PCBs in Foods
It is of prime importance to consider the biologi­
cal and chemical attributes responsible for food contami­
nation when a lipid-soluble constituent like PCB is 
evaluated. Reports illustrate a magnification of 10 to 100
fold through each predator in a marine food chain system,
6 7ultimately increasing to a magnitude 10 to 10 times 
higher than that found in water (Nisbet, 1972). PCB resi­
dues in the range of 1 to 10 ppm in fresh water fish 
created a widespread problem in the fishing industry. A 
couple of generalizations with respect to PCB levels in 
fish were made by Enos (1972), and they are noteworthy:
(a) fish with the highest levels of PCBs are found in 
waters near an industrial or metropolitan area, and (b) the 
PCBs level is directly proportional to the eating habits 
and the fat content of the fish.
There have been several industrial accidents which 
resulted in the seizure or withdrawal, or both, of large 
numbers of food products from the market, including turkeys, 
chickens, eggs, as well as poultry rations and fish chow.
In most cases, the source of PCB was traced back to indus­
trial contamination of feed (USDA News, 1973).
Poultry has been contaminated mostly through leaks 
in the heat exchangers used to prepare feed, or through 
contaminated fish meal. The first accident was reported 
in an animal food processing plant where heat treatment
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was the final step in the manufacturing process. A leak in 
the equipment resulted in heavy contamination of some of 
the feed which was later fed to poultry (FDA Consumer,
1972). Milk was found to be contaminated when cows were 
fed silage stored in epoxy-coated silos (Skrentny et al., 
1971).
Evidently, the volume of work done on PCBs in rela­
tion to foods is comparatively less, and comprehensive re­
search is needed to fully explore their interrelationships.
PCBs from Food Packaging Materials
The problem of food contamination from packaging 
materials.is much more complex, since most commonly used 
packaging materials are "greyboard" and "combination board," 
both of which are manufactured from recycled paper. It is 
thought that this practice has inadvertently introduced 
PCBs into the packaging materials, since recycled paper 
may include carbonless paper and printing ink, the two 
major sources of PCBs (Giacin et al., 1973). Of all the 
paperboard samples, greyboard offers the highest possible 
chance for contamination when used in food packaging 
(Bradley, 1973).
Such food items as crackers, cookies, ready-to-eat 
breakfast cereals, pretzels, chips, macaroni and noodle 
products, dry infant cereals, and dry prepared mixes have 
been reported to be contaminated from packaging materials
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(Kolbye, 1972) . A study by Hazelton Laboratories (1972), 
regarding PCB migration from packaging to foods, revealed 
that PVCD (polyvinylidine chloride or Saran) coated paper 
was best, and waxed glassine paper was second best in pre­
venting migration of Aroclor 1242. Polyethylene films were 
shown to be ineffective over a long period of time. How­
ever, migration studies of PCBs into foods with Aroclor 
1254 and Aroclor 1260 have not been reported to date.
Stanovick et al. (1973) reported that the migration 
of Aroclor 1242 into foods is a vapor-phase phenomenon. 
Interposing barrier materials between Aroclor-bearing 
paperboard and food significantly reduced the migration to 
food, and the degree of reduction was shown to be inversely 
correlated with the gas permeabilities for the classes of 
barrier materials. In the absence of an effective barrier, 
Aroclor 1242 was shown to migrate in measurable amounts 
from paperboard to food. They concluded from the study 
that materials of low gas permeabilities would be effec­
tive barriers to PCB migration. However, the effective­
ness of other barrier materials commonly used in food 
packaging, such as foil laminates, copolymer films, and 
paper laminates, were not investigated.
In a survey conducted by FDA (1973), it was found 
that although 67% of the total food packaging materials 
tested contained PCB levels as high as 338 ppm, only 19% 
of the foods in these packages contained PCBs at an
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average concentration of 0.1 ppm, and the maximum level 
found in these products was 5 ppm. About 75% of packaged 
infant cereals contained an average of 0.3 ppm, with a 
maximum of 1.0 ppm. Among the recycled paper samples 
tested, 95% contained less than 5 ppm PCBs and a later 
study during 1970-1971 showed only 18% with less than 
5 ppm contamination. It is obvious that recycled paper 
has been one of the principal sources of PCBs in food 
supply. Although the migration in low fat foods can be 
expected to be minimal, the chances of PCB migration into 
high fat foods, like meats, from a package containing a 
considerable amount of PCBs can become highly magnified. 
However, it should be recalled that steps have been taken 
by the FDA, as well as by the paper industry, to restrict 
the use of recycled paper in food packaging materials.
In an extensive survey conducted in Sweden (1970) 
covering a wide range of foods and food materials, it was 
found that PCB levels were below 0.1 ppm (90% of 1400 
samples), and were comparable to DDT levels. The higher 
concentrations came from the fresh water and marine fish, 
especially those with a high fat content. Other foods 
showing relatively high levels were milk, eggs and butter.
A survey of food packaging materials for PCB and PCT by 
Villeneuve et al. (1972), in Canada, indicated that al­
though their contamination does occur, the residual trans­
fer to food is minimal.
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Investigations by the FDA (1973) revealed that a 
significant percentage of paper food-packaging materials 
contained PCBs which can migrate to the packaged foods.
The origin of PCBs in such materials is not fully under­
stood. Reclaimed fibers containing 3 to 5% PCBs, mainly 
from carbonless copying paper, have been identified as a 
primary source of PCBs in paper products. Some virgin 
paper products have also been found to contain PCBs, the 
source of which was generally attributed to direct con­
tamination from industrial accidents, and from PCB- 
containing equipment and machinery used in food packaging 
manufacturing establishments.
Since PCBs are toxic chemicals, contamination of 
the food packaging materials as a result of industrial 
accidents represents a hazard to public health.
Dietary Sources of PCBs
The results of FDA total diet studies for fiscal 
years 1970-1972 shows that quantitatively measurable resi­
dues of PCBs are equivalent to an intake of approximately 
0.06 mcg/Kg/body weight/day, or 4.2 mcg/day for a 70 Kg 
man. PCBs may be present in levels too low to be detected, 
and an increase in the dietary intake can be expected 
based on the sensitivity of the analytical procedure. The 
studies also indicate that PCBs most frequently occur in 
the food composite consisting of grain and cereal products.
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The FDA's surveillance activities have also reported that 
PCBs also occur in dairy products, eggs and packaged foods, 
in addition to packaged cereal products (Federal Register,
1973).
Toxicological Interactions of PCBs
Although the Aroclors have demonstrated a moderate 
acute toxicity, the most disturbing fact is their chronic 
toxicity. This is defined as the result of accumulation 
of toxic materials over an extended period of time. Since 
PCBs are resistant to chemical and metabolic breakdown and 
have high solubility in fat tissue, they can be expected 
to slowly concentrate in a living system and demonstrate 
no ill effects until their concentration approaches acute 
or chronic toxicity levels. Therefore, immediate toxicity 
may not be detected until the person accumulates PCB to a 
level where it causes chronic symptoms.
Whether a particular concentration will be fatal 
depends, as with organochlorine pesticides, on the condi­
tion of an animal. It is possible that there is a consid­
erable storage in the fat, and until the reservoir is 
saturated, lethal concentrations might not be noticed in 
susceptible organs, but the danger can arise in times of 
stress, such as starvation or during a breeding cycle.
Flick et al. (1965) fed diets containing 200 to 
400 ppm to chicks for a period of three weeks. There was
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a reduction in weight gain and a loss of weight was noted 
at the end of the experimentation period. The hypoperi- 
cardial value was ten times larger than the control, and 
the pancreas, kidneys and adrenals were affected and haemo­
globin levels were reduced. Similar effects were produced 
to the edema factor.
It is possible that PCBs, in conejunction with the 
organochlorine pesticides, played a role in the decline of 
certain bird populations, especially raptors, as evidenced 
not only because of their intrinsic toxicity, but also be­
cause they have shown synergistic effects with DDT and 
Dieldrin. Risebrough et al. (1968) compared the effect of 
DDE, DDT and PCB (Aroclor 1262) in increasing the levels 
of polar metabolism in estrodial physiology, using pigeon 
liver isolates in vitro. PCBs showed about five times the 
capacity to reduce the estrodial levels than either DDT or 
DDE. It has been shown that Dieldrin and PCB are much 
more active estrogen level reducers than either DDT or DDE. 
The lethal effects of Aroclor 1254 on Bengalese finches 
were investigated by Presst et al. (1970). Food contain­
ing higher levels of PCB (400 ppm) was refused by the 
birds and LD^q was calculated as 253.6 mg/Kg/day. Enlarged 
kidneys was the main feature noted and an increased volume 
of pericardial fluid was also found. While there was a 
correlation between the dose rates and liver concentra­
tions, there were also considerable variations in the 
levels.
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It was also suggested by the above authors that the 
brain/liver percentage is a useful index, being high in 
those birds that died and low in the survivors. The LD,-q 
for DDT is about thirteen times lower than that for PCB, 
but it should always be considered that while for DDT the 
mortality curve is steep (no deaths at 1000 and all dead 
at 1200 mg/Kg/day), the PCB curve is shallow, indicating 
that at low levels PCBs are more toxic than DDT.
McLaughlin (1963) published the results of toxico- 
logical studies, using a sophisticated method based on in­
jection of a number of chemicals which might be found in 
foods into fertile hens' eggs. By injecting 0.025 and 0.1 
ml of Aroclor 1242 he found that the hatch was 0 and 5% 
respectively, as compared to 95% in the control group.
Also, teratogenic effects were noted in some of the chicks 
which did hatch.
The toxicity to aquatic organisms is difficult to 
estimate since PCBs have extremely low solubilities in 
water. Zitko (1970) , using a solubilizing agent Corexit 
7664 to solubilize Aroclor 1221 and 1254, found that con­
centrations above 2 mg/1 were lethal to Atlantic salmon 
and herring. Duke et al. (1970), monitoring PCB levels in 
biota and sediments resulting from PCB leakage from indus­
tries in the Escambia Bay area of Florida, conducted 
toxicity tests on finfish and juvenile shrimp. They found 
that at 100 ppb level these were not toxic to the fish but
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caused 100% mortality in the shrimp. In oysters, 1 ppb re­
sulted in 99% decrease in shell growth and 100 ppb resulted 
in 100% decrease. It should be noted that oysters replaced 
in PCB-free water for three weeks recovered their normal 
growth rates. Thus it can be concluded from the above re­
sults that some Crustacea and molluscs are as sensitive to 
PCBs as they are to organo-chlorine pesticides.
Gustafson (1970) suggested that Aroclor toxicities 
appear to be inversely proportional to the chlorine content 
of the mixture. Shellfish, oysters and shrimp were more 
sensitive to PCBs, and a 100% mortality was reported when 
juvenile pink shrimp were exposed to 0.10 ppm of Aroclor 
1254 in water for 48 hours. This concentration also caused 
100% decrease in shell growth of oysters after 96 hours.
Several chronic effects of PCBs have been observed 
in chickens exposed to PCBs. Hydropericardium was observed 
in chicks fed on a diet containing 50 ppm of Aroclor 1248. 
The heart sac contained 7 ml of fluid (Rehfeld, 1971). 
Aroclor 1242, a binder in paint, was found to be the reason 
for toxicity in chickens. When fed to chickens it produced 
the characteristic effect known as chick edema factor. The 
gross pathology included hydropericardium, hydroperitoneum, 
enlarged heart, liver and kidneys, and hemorrhage of in­
ternal organs. Microscopically the kidneys showed marked 
tubular dilation and numerous casts.
The accumulation of high concentrations of
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chlorinated hydrocarbons results in disruption of normal 
breeding behavior, and in the formation of thin-shelled 
eggs in birds.
In an earlier experiment dealing with mammals,
Sabotka (1970), using Aroclor 1254 and 1260 or DDT, con­
ducted behavior tests on mice and found clear differences 
between the groups of substances, with DDT probably alter­
ing and PCBs probably enhancing, central inhibitory systems. 
PCBs containing 48% chlorine had estrogenic activity as 
determined by the 18-hour glycogen response of the rat 
uterus (Bitman et al., 1970). Administration of PCBs to 
rabbits increased the total lipid, triglycerides and choles­
terol content of liver, and decreased the total liver phos­
pholipid content. The concentration of serum triglycerides 
was abnormally increased (Ito et al., 1971). Feeding PCB 
(Aroclor 1242) depressed vitamin A in rat liver by about 
40% (Cecil et al., 1971).
Rhesus monkeys, when fed diets containing 300 ppm of 
Aroclor 1248 for 90 days, developed alopecia, acneform, 
lesions of the skin, subcutaneous edema, liver hypertrophy 
and hyperplasia. Enlargement of the liver was associated 
with cell heterotrophy, proliferation of the endoplasmic 
reticulum and an increased microsomal enzyme activity 
(Allen et al., 1973).
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Human Toxicity of PCBs
The toxicity of PCBs to man was first reported in 
1963 in West Japan, where a peculiar and widespread skin 
disease was reported. The disease was characterized by 
acne-form eruptions, pigmentation of the skin and nails, 
and in severe cases weakness and numbness in the limbs.
XT*
The disease, further identified as "Yusho," peaked in 
1968-1969 after affecting about 1000 patients in Japan.
The cause was traced to the contamination of the rice oil 
with a PCB formulation (Kanechlor 400). Typical clinical 
findings included chloracne, increased pigmentation, 
visual impairment due to hypersecretion of the Meibomian 
glands and systemic gastro-intestinal symptoms, including 
abdominal pain and disturbances in liver function.
A few babies were born with decreased birth weights 
and skin discoloration which slowly regressed as the chil­
dren grew, although the growth rate appeared to be slower 
than normal. Newborn and stillborn infants from poisoned 
mothers had darkish skin, possibly due to the presence of 
PCB which passed through the placental barrier and accumu­
lated in the skin of the fetus (Kojima et al., 1969).
Adult patients showed protracted clinical disease 
with very slow regression of symptoms and signs, which 
suggested slow metabolism and excretion, probably due to 
a long biological half life.
There are five distinct pathological patterns for
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toxicity in humans— acnegenic, liver damage, porphyria, 
edema and immunosuppression. The chronic toxicity to man 
has two distinct effectss (a) skin effect and (b) toxic 
action on the liver. The lesion produced in the liver is 
an acute yellow atrophy. This hepato-toxic action of PCBs 
appears to increase if there is exposure to carbon tetra­
chloride at the same time. The higher the chlorine con­
tent of the biphenyl compound, the more toxic it is likely 
to be. Also, oxides of chlorinated biphenyls are more 
toxic than the unoxidized material.
The skin lesion is known as "chloracne," and con­
sists of small pimples and dark pigmentation of the exposed 
areas. In persons who have suffered systemic intoxication, 
the usual signs and symptoms are nausea, vomiting, loss of 
weight, jaundice, edema and abdominal pain. If the liver 
damage has been severe, the patient may pass into a coma 
and die.
Two human adipose tissue samples were reported to 
contain 200 and 600 ppm of PCB respectively (Biros et al.,
1970). PCBs were also reported by Litterst et al. (1971) 
to be as toxic to human cells in tissue culture as DDT. 
However, human milk and serum from certain geographical 
areas did not show any traces of PCBs (Dyment et al.,
1971).
An estimated 10,000 people in Western Japan showed 
temporary or permanent symptoms of poisoning in 1968,
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after consuming food fried in oil produced by an industry 
in Kitakyushu. It was used as a heating agent in the 
cooking oil manufacturing process and contaminated the oil 
due to some mechanical trouble. In March 1973, Kyushu 
doctors diagnosed 31 more patients suffering from PCB 
poisoning caused from contaminated rice bran cooking oil 
(Japan Times, 1973). The newly diagnosed patients were 
members of families who already suffered earlier from the 
poisoning. Blood, urine, X-ray, and electroencephalograms 
(EEG) were used for diagnoses. Notable symptoms included 
increases of neutral fat in the blood, bronchitis and de­
caying teeth.
Using the human toxicological data, the FDA con­
cluded that for short term, based on the lowest total dose 
producing an effect and an estimated biological half-life 
of PCBs, current levels of PCBs in the diet represent no 
immediate hazard. However, taking into consideration the 
case of Japanese patients, the potential long-term hazards 
necessitated reduction of PCB levels in food as soon as 
possible.
Mechanism of PCB Toxicity
The solubility of PCBs in non-polar solvents ex­
plains why they are readily absorbed into fatty tissue 
and liver. Their chemical inertness and resistance to 
metabolism accounts for their low acute toxicity, but when
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they continue to increase in a living system, their concen­
tration approaches poisonous levels whereby chronic effects 
make themselves evident.
The deleterious effects of the Aroclors were not 
directly related to the percent chlorination or to the 
amount of total residue. In a recent report on embryotoxic 
and teratogenic effects of PCBs in unhatched fertile eggs 
from hens fed Aroclor 1221 and 1268, no adverse effects on 
embryonic development were exerted, while marked embryo- 
toxic and teratogenic effects occurred after feeding with 
Aroclor 1242 and 1248 (Cecil et al., 1974). There are two 
possible causes for the laying of thin-shelled eggs by 
wildfowl: (1) there may be a low calcium reserve in the
bird due to toxicity or (2) the inability of the bird to 
deliver the needed amounts of calcium to its oviduct, where 
the eggshell is forming. The calcium level in the avian 
biosystem and the calcium reserve in the secondary bone 
structure or medullary bone, found only in the female 
birds when they are breeding, are controlled by the hor­
mone estrogen. A high estrogen level is associated with 
the formation of this calcium reserve, but when estrogen 
levels are low it can be expected that calcium reserves 
will be low and very little calcium will be available for 
the eggshell production. Dieldrin and PCBs were more ef­
fective than DDT in this type of enzyme-induction activity. 
Aroclor 1262 has an estrodial degrading potential four to
five times that of pp'-DDE or technical grade DDT (Gustaf­
son, 1970). Many ornithologists believe that late breed­
ing reduces bird population more than the laying of thin- 
shelled eggs. This makes PCBs a more potent threat than 
DDT for reducing the bird population.
Another indication is that when PCBs accumulate in 
liver they induce microsomal enzyme activity resulting in 
more rapid metabolism of drugs, insecticides and other 
foreign compounds. Normally, when a substrate activates 
an enzyme, it is converted to its water-soluble form, 
which can be eliminated easily from the system. Since 
PCBs remain for prolonged periods of time due to their in­
solubility, their enzyme induction activity is always 
present. In this manner, normal concentration of impor­
tant body chemicals may be lowered to the extent of creat­
ing malfunctions in the system (Gustafson, 1970).
A study by Vos et al. (1970) revealed that two out 
of three 60% chlorinated PCBs contained highly toxic oxy­
genated impurities. It is also possible that PCBs bring 
about steroid degradation, which can lead to an altered 
endocrine relationship.
Chlorodibenzofurans are known to be highly poison­
ous products and are supposed to be mainly responsible for 
the toxicity of the PCBs. These substances are known to 
be toxic to an extent that even 20 ppm in PCBs are enough 
to lower the LD,-0 several fold. They are present in
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considerable amounts in PCBs manufactured in other coun­
tries. Toxic effects of PCB preparations were also shown 
to be due to chlorodibenzofuran impurities being present 
in them (Vos et al., 1970).
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FIGURE 4. Structural Configuration 
of Polychlorodibenzofuran.
Concurrent with the increase in the liver size, an 
increase in hepatic enzyme activity was also evidenced 
(Fishbein, 1972; Peakall et al., 1970; Risebrough et al., 
1968). Moreover, PCBs were shown to be anti-hormonal in 
hepatic microsomes (Bitman et al., 1970; Lincer et al., 
1970). These facts can be correlated with the poor repro­
duction in animals as well as retarded development of 
secondary sex characteristics in chicks (Rehfeld, 1971).
Metabolism and Photochemical Breakdown
Disappearance of certain peaks in PCB extracts from 
rats (Grant et al., 1971) and birds (Bailey et al., 1972) 
indicates that there is metabolic breakdown occurring. 
Hydroxylation of the lower chlorine homologues seems to
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be the general metabolic pathway in rats and pigeons. 
Hydroxylated products, however, were not isolated from 
fish treated with chlorobiphenyls.
Limited information is available about the meta­
bolic breakdown of PCBs. Varying peak ratios observed on 
gas chromatograph of PCBs extracted from different tissues 
and from animals at different trophic levels suggest that 
some selective metabolism of individual chlorinated bi­
phenyls takes place. It is possible that the metabolism 
of PCBs follows similar patterns; lower chlorinated com­
pounds are metabolized and excreted, while the higher 
chlorinated ones are not metabolized. It was reported 
that 4-chlorobiphenyl fed to rabbits was excreted in the 
urine as 4-(p-chlorophenyl) phenol, and 4-chlorobiphenyl 
glucosiduronide. Subsequently this metabolic hydroxyla- 
tion of lower PCB homologues was identified in rats and 
pigeons as one route of excretion (Hutzinger et al., 1972).
An irradiation wavelength of 310 nm decomposed 
chlorobiphenyls relatively fast to give products which 
are formed by reductive dechlorination, carboxylation, 
isomerization, and polymerization (Safe et al., 1971).
It was also predicted that they degraded fastest in hexane, 
then water and slowest in benzene, when subjected to 
ultraviolet irradiation (Herring et al., 1972). In the 
presence of air and water, polar products were observed. 
Further research is needed to establish the metabolic
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pathways of PCBs and the mechanism(s) of their breakdown. 
However, it can be expected that PCBs do not persist ad 
infinitum.
Temporary Tolerance Levels for PCBs
Considering the potential threat by PCBs to the 
environment and foods, the FDA recognized that there is 
an immediate need for the reduction of PCBs in foods as 
soon as possible. In the interim, temporary tolerances 
are being imposed to limit human exposure for those foods 
that may contain PCBs as a result of environmental contami­
nation. Foods for which temporary tolerance levels are 
established include milk and dairy products, poultry, 
eggs, infant and junior food. Infants and children need 
separate tolerance levels since they consume more food per 
Kg of their body weight and thereby have a proportionately 
greater exposure than adults. Also, in order to minimize 
the frequency and magnitude of PCB residues in foods, it 
was necessary to impose quantitative limitations on the 
levels of PCBs in animal feeds and their components.
The temporary tolerances outlined for PCB residues 
in the Federal Register (1973) are as follows: (1) 2.5
parts per million in milk (fat basis); (2) 2.5 parts per 
million in manufactured dairy products (fat basis);
(3) 5 parts per million in poultry (fat basis); (4) 0.5 
parts per million in eggs; (5) 0.2 parts per million in
finished animal feed for food-producing animals; (6) 5 parts 
per million in animal feed components of animal origin?
(7) 5 parts per million in fish and shellfish (edible por­
tion); (8) 0.2 parts per million in infant food and junior 
foods; (9) 10 parts per million in paper food-packaging 
material intended for or used with human food, finished 
animal feed and any components intended for animal feeds.
MATERIALS AND METHODS
Introduction
This investigation is based primarily upon the de­
velopment of accurate analytical procedures for the analy­
sis of PCB compounds and their derivatives when they are 
subjected to various chemical and physical changes. The 
complexity of extraction, clean-up, and isolation of PCBs 
present an acute analytical problem, which itself is one 
of the main reasons for their delayed detection in the en­
vironment. They were first detected as interfering peaks 
in the gas chromatographic analysis of environmental 
samples for chlorinated pesticide residues. PCBs give a 
pattern of GC peaks, whose retention times closely align 
with those of DDT, DDE, dieldrin, aldrin, and heptachlor 
oxide. Therefore the intensity of interferences by other 
pesticide residues magnifies the extent of analytical tech­
niques essential for exclusive quantitation of PCBs.
Unlike most residue analysis, where the presence of 
a single peak is indicative of the compound to be identi­
fied, the gas chromatogram of a PCB is very complex due to 
its multi-component nature. In addition, their identifica­
tion is further complicated by the manufacture of a variety 
of PCBs, each differing in the level of chlorination and
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having a characteristic gas chromatogram. Although the use 
of electron-capture gas chromatography allows the detection 
of minor concentrations of PCBs, it will also detect cer­
tain impurities containing oxygen, nitrogen or sulfur 
present in the sample. Thus it is imperative to eliminate 
these impurities prior to any analysis. Taking into con­
sideration all the factors involved and analytical tech­
niques available, methods were selected which can lead to 
optimum PCB recovery. The experimental plan for such a 
study can be considered from three different approaches, 
each of which is attaining specific objectives, as follows: 
(1) the partial or complete reduction of PCBs, using gamma, 
ultraviolet and solar radiation in solution and in the 
presence of sodium nitrite, calcium hydroxide, potassium 
hydroxide and iron filings; (2) the pattern and chances of 
migration of two widely distributed PCB mixtures (Aroclor 
1254 and Aroclor 1260), when they are in close proximity 
to high fat (beef), high protein (shrimp) and high carbo­
hydrate (rice) containing foods; and (3) the quantitative 
breakdown of PCBs after food processing using radiation, 
freeze-drying and sun-drying techniques. The details of 
different experimental designs are outlined under separate 
headings.
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Gamma Radiation Studies
Gamma radiation studies wfere conducted on PCB stan­
dard solutions in order to assess the gradual degradation 
on exposure to 1, 2, 3, and 4 megarads. Five milligrams 
of 5 ppm solution of Aroclor 1254 and Aroclor 1260 dis­
solved in hexane were taken in glass cuvettes fitted with 
teflon caps and lined with aluminum foil. The samples 
were divided into the following groups: (1) Aroclor 1254
only; (2) Aroclor 1254 + 1% alcoholic potassium hydroxide 
solution; (3) Aroclor 1254 + 1% alcoholic calcium hydroxide 
solution; (4) Aroclor 1254 + 1 g iron filings. The second 
group consisted of (1) Aroclor 1260 only; (2) Aroclor 1260 
+ 1% alcoholic potassium hydroxide solution; (3) Aroclor 
1260 + 1% alcoholic calcium hydroxide solution; (4) Aroclor 
1260 + 1 g iron filings. Control samples in each group 
were not irradiated and were kept protected from any light 
source.
All samples were irradiated in an 11,000 curie 
cobalt-60 irradiator located at the Nuclear Science Center 
at Louisiana State University. The process consisted of 
placing the samples into a water-tight cannister which was 
lowered to the bottom of an 18-foot water well, where it 
remained in close proximity to the cobalt-60 source until 
1, 2, 3, and 4 megarads of gamma radiation were adminis­
tered. Appropriate samples were removed after every re­
quired dosage. Since the dosage distribution was found to
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vary with the distance between the position of the samples 
and the source, the same positions were used with all the 
samples to be irradiated. The irradiated samples were 
brought to the laboratories of the Department of Food 
Science and after necessary cleanup were analyzed by gas 
chromatography. The concentrated petroleum ether eluate 
was adjusted by frequent injections until corresponding 
peaks were distinctly observed under similar conditions as 
that of the standard Aroclors. Aroclor 1254 and 1260 were 
run prior to each set of the samples under study.
Ultraviolet Radiation Studies
Solutions containing 5 ppm of Aroclor 1254 and 1260 
were prepared in petroleum ether and hexane. Two milli­
liter portions of each solution were placed in Quartz 
cuvettes (Beckman standard 1 cm absorption cells) fitted 
with aluminum foil-lined caps. The samples were placed 
at a distance of 6 inches from the light source and ir­
radiated with a General Electric Germicidal lamp, 18 inches 
in length and 1 inch in diameter. Ultraviolet output at 
253.7 nm was 3.6 watts or 38 microwatts per square centi­
meter when placed one meter apart. The samples were di­
vided into the following categories with each solvent:
(1) Aroclor 1254 only; (2) Aroclor 1254 + 1.0% sodium 
nitrite solution; (3) Aroclor 1260 only; (4) Aroclor 1260 
+ 1.0% sodium nitrite solution. The UV radiation source
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was kept in a covered box and the samples were held at 4°C 
in order to prevent any loss due to solvent evaporation. 
Appropriate samples were removed on completion of required 
UV irradiation dosage. Sample solutions of Aroclor 1254 
and 1260 were irradiated continuously until complete deg­
radation was observed. After every 2, 4, 6, 8, 10, 12,
16, 20, 24, 28 and 32 hours, gas chromatographic analyses 
were conducted and the results were compared with the con­
trol. Control samples were not irradiated and kept in 
dark. For samples containing sodium nitrite solution, 
appropriate cleanup procedures were undertaken prior to 
gas chromatographic evaluations. Control samples and stan­
dards were run simultaneously using similar conditions and 
chemicals.
Sun-Drying Studies
The sun-drying studies were conducted during the 
months of July, August and September, with temperatures 
fairly constant at about 90°F. The average sunshine dur­
ing the season was approximately 12 hours per day, but in 
this study the exposure was restricted to sunshine between 
9:00 A.M. to 4:00 P.M. Two 5-pound batches of shrimp were 
peeled, deheaded, deveined and dip-coated separately in a 
5 ppm solution of either Aroclor 1254 or 1260 for exactly 
one minute. After drying the shrimp were divided into two 
groups. One group was separated for study pertaining to
standard solutions. The other group was further dip- 
coated in 1% solution of sodium nitrite for another one 
minute. Both groups containing 20 samples each were placed 
in different petroleum ether rinsed glass dishes and placed 
under direct sunlight for 12, 24, 30, 36 and 48 hours. In 
order to facilitate uniform exposure the samples were 
turned every two hours. The control samples under each 
group were not irradiated and were kept in dishes covered 
with aluminum foil, to protect from any light source. 
Appropriate samples and controls were taken out at the end 
of each specified period. Twenty-five grams of the fresh 
samples and 5 g of the sun-dried samples were blended 
separately prior to cleanup by column chromatography. 
Finally it was subjected to gas chromatography and mass 
spectrometry. The concentrated petroleum ether eluate was 
injected at each step in order to ensure distinct recording 
of the peaks in comparison with the standards. Percentage 
moisture was determined at each step of the experiment and 
the results were tabulated on the total solid basis for 
comparative evaluations between each consecutive step of 
sun-drying. Also changes in the pH at each step were re­
corded.
Freeze-Drying Studies
- —    •* i
Shrimp and egg samples were used for this portion 
of the study based on the feasibility of the process.
After shelling, the eggs were homogenized by blending for
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three 15-second periods with a Waring blendor operating at 
low speed. The homogenized whole egg sample was divided 
into three portions: 1 ml of standard 100 ppm Aroclor 1254
solution was added to the first portion and blended again 
for three 15-second periods for uniform distribution. To 
the second portion 1 ml of standard 100 ppm Aroclor 1260 
solution was added and blended in the same way as mentioned 
above. The third portion remained untreated as the control.
Fifty-gram aliquots from each portion were placed in 
each of 20 petroleum ether rinsed pyrex dishes to a depth 
of approximately 1/2 inch and covered tightly with alumi­
num foil. The samples were frozen in an air blast freezer 
for 24 hours at -15°C. The frozen samples were transferred 
to a USM-15 Model Virtis Freeze-Dryer and freeze-dried for 
24 hours with a system pressure of 100 u, with a platen 
temperature of 100°C. The freeze-dried samples were re­
moved from the dishes, ground with mortar and pestle, and 
the powder was stored in tightly sealed aluminum foil-lined 
covered glass bottles at 4°C for solids and PCB residue 
analyses. Portions of whole egg samples were reserved for 
analyses of the liquid material. Percentage moisture was 
determined for each set of samples before and after freeze- 
drying. Thirty grams sample for liquid whole egg and 5 g 
sample for freeze-dried egg were taken for PCB residue 
analysis. After cleanup procedure, the eluate was analyzed 
by gas chromatography after adjusting it to appropriate
concentrations relative to the standard solutions.
Peeled, deheaded and deveined shrimp were homoge­
nized and the homogenate was used for freeze-drying using 
the sample size and methods outlined for the whole egg 
samples. Gas chromatographic analyses were conducted 
separately for shrimp samples and the results were compared 
to the control liquid homogenate and to standard Aroclor 
1254 and 1260 solutions.
Migratory Patterns of PCBs into Foods
The rate and pattern of migration of PCBs into foods 
were studied by this experiment. Polyethylene films were 
dip-coated in 500 ppm solutions of Aroclor 1254 and 1260 
respectively. Random 1 square centimeter cuttings were 
taken from different portions of the film and analyzed for 
PCB concentration in order to confirm the uniform coating 
of the solution. Control packaging film was treated in 
the same way with hexane solvent only. From the coated 
film and the control 5" x 7" bags were made and used for 
food packaging.
Three types of food products each from high fat, 
protein, and carbohydrate category were selected. Fifty 
grams of ground beef, 50 g of shrimp and 50 g of rice were 
packaged in groups of 20 bags each. The bags were sealed 
and stored for 1, 2, 3 and 4 weeks. At the end of each 
storage period, samples were analyzed for PCB content in
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the foods. Appropriate samples were adjusted according to 
their fat contents and cleaned up by column chromatography. 
Samples from each category were quantitated by gas chroma­
tography and compared with standard Aroclor 1254, 1260 and 
the control.
Comparative Evaluation of PCB Solutions
Standard 10 ppm solutions of Aroclor 1232 (32% 
chlorine), Aroclor 1242 (42% chlorine), Aroclor 1248 (48% 
chlorine), Aroclor 1254 (54% chlorine), and Aroclor 1260 
(60% chlorine) were prepared using hexane solvent. Two 
microliters of each were injected respectively under identi 
cal conditions, for gas chromatography. Chromatographic 
peaks for each solution were comparatively evaluated and a 
graph was plotted using the concentration and the chlorine 
content. This provided chromatograms with different sets 
of peaks varying with their chlorine content and the graph 
also represented the electron-capture detector response to 
different chlorinated PCB solutions.
Finally, 1 ml of each of these solutions was mixed 
thoroughly and analyzed by gas chromatography to assess 
the combined chromatograms of all the Aroclor solutions.
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Analytical Techniques
The techniques used in this study can be subdivided 
as follows:
1. Extraction and Cleanup (Acetonitrile Partition­
ing and Florisil Column Chromatography)
2. Separation of PCBs from other Organo-chlorine 
Pesticides (Silicic Acid Column Chromatography)
3. Electron Capture Gas Chromatography (EC/GC)
4. Quantitation of PCB Peaks
5. Combined Gas Chromatography Mass/Spectrometry.
Principle
The PCBs present in food samples are isolated from 
co-extracted substances by chromatography over florisil 
column and elution with mixed ethyl and petroleum ethers. 
This is followed by an additional cleanup of PCBs from 
other organo-chlorine pesticide residues, using silicic 
acid column chromatography. PCBs in the concentrated 
eluates are determined by GLC and identified,by electron 
capture detector, using suitable quantitative procedure. 
Confirmation and chemical composition of unidentified 
substances are determined by Mass Spectrometric Method­
ology.
The various components of PCB residues are par­
tially or completely recovered through the multi-residue 
methodology. They are eluated from the florisil column
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by the 6% ethyl ether/petroleum ether eluant. The relative 
amounts of residues and PCBs may also influence the deci­
sion on whether or not to perform silicic acid separation 
prior to quantitation. Since pesticide residues, especially 
DDT and its analogs, are expected to be in negligible 
amounts or completely absent in the foods examined, this 
cleanup was restricted to a limited number of samples.
Extraction and Cleanup
Purity and Preparation of Reagents
1. Acetone: reagent grade, free from interfering
substances.
2. Acetonitrile: distilled from all glass appa­
ratus, nanograde quality (Mallinckrodt Chemical Works).
3. Celite-545: dry and free of electron capturing
substances.
4. Ethyl ether: distilled from all glass appa­
ratus, containing 2% alcohol and free from peroxides.
5. Florisil: 60-100 mesh calcined at 1250°F
(650°C) for three hours. The bulk of florisil was trans­
ferred to a glass container with an aluminum foil-lined 
screw cap and stored in the dark. Prior to use it was 
heated overnight at 130°C. (Floridin)
6. Glass wool: Pyrex, petroleum ether washed.
7. Hexane: pesticide quality, free of benzene 
(Matheson Coleman and Bell)
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8. Petroleum ether: pesticide grade (Fisher Scien­
tific Co.)
9. Silicic Acid (Mallinckrodt Chemical Works):
100 Mesh Powder. It was treated by heating for at least 
seven hours at 130°C and allowed to cool to room tempera­
ture. Three percent water was added by pipette after 
quickly weighing silicic acid in a glass-stoppered bottle 
(97 g silicic acid + 3 ml water = 3% water). It was 
tightly stoppered and sealed, until all water was absorbed. 
The sealed container was left in a desiccator for 15 hours 
to equilibrate. Care was taken to see that there was no 
lump formation.
10. Sodium chloride: reagent grade.
11. Sodium sulfate: anhydrous, granular, reagent 
grade. It was thoroughly washed with petroleum ether prior 
to use.
Standard Solutions
Monsanto Aroclors 1254 and 1260 were used as refer­
ence solutions throughout this study, since these two forms 
of PCBs are widely prevalent in the environment and are 
used as standards in PCB studies. Moreover, they provide 
excellent bases for comparative evaluation for most of the 
samples. However, a comprehensive study was also made 
using Aroclors 1232, 1242, 1248 and 1268 standards.
Hexane and petroleum ether were used as solvents 
for these standard solutions. The stock and working
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N/
6% Eluate 6% Eluate
Fatty Foods
Partitioning
Non-Fatty Foods
Extraction of Fat
Mass Spectrometry
Sample Preparation
Extraction and 
Partitioning
Florisil Column Chromatography
Acid-Celite Column Chromatography
8. Gas Chromatography 
(Electron-capture detector)
Proximate Percentage water and fat in sample
FIGURE 5. Analytical scheme for PCB determination.
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standard solutions were stored at 4°C taking care to pro­
tect them from any light source. Stock solutions were pre­
pared afresh after every six months and working solutions 
were prepared every 2-3 weeks. Before making dilutions or 
running the standard solutions on gas chromatograph, care 
was taken to see that they reached the same temperature at 
which they were prepared. All glassware used in the analy­
sis was thoroughly cleaned with hot water, rinsed with dis­
tilled water followed by acetone, and finally with pesticide 
grade hexane or petroleum ether.
The following methods for the extraction and cleanup 
are taken from Pesticide Analytical Manual (Vol. I, 1971). 
The various steps can be outlined as follows:
Extraction and Partitioning
1. Peeled and edible portions of foods (shrimp, 
rice, beef, or eggs) were blended to obtain homogenized 
samples. Appropriate sample preparations were undertaken 
for egg, rice, and beef samples and the quantity for column 
chromatography was adjusted according to their fat content. 
The details are described under each experiment but the 
general scheme is the same for all extraction and cleanup 
operations.
2. Twenty-five grams of blended food material was 
placed in blender jar.
3. One hundred milliliters of acetonitrile was 
added and blended for 2 minutes at high speed.
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4. Contents were filtered under suction through 
12 cm Buchner funnel into a 500 ml suction flask.
5. Residues and filter paper were placed in the 
same blender jar and blended for 2 minutes using 50 ml 
acetonitrile.
6. The contents were again filtered using the suc­
tion flask containing the extract from step 4.
7. Combined extracts were added to a separatory 
funnel and 100 ml petroleum ether was added. The funnel 
was shaken vigorously for one minute.
8. Ten milliliters of saturated sodium chloride 
solution was added followed by 350 ml of water. Contents 
were mixed thoroughly for 30-45 seconds.
9. After the separation of layers, the aqueous 
layer was discarded and the PCB containing solvent layer 
was washed with two 250 ml portions of water. The washings 
were discarded and the solvent layer was transferred to a 
100 ml glass stoppered graduated cylinder.
10. Fifteen grams of anhydrous sodium sulfate was 
added and shaken in order to absorb any moisture.
Florisil Column Chromatography
Chromatographic columns having 22 mm (I.D.), 250 mm 
(length) and 300 ml capacity were obtained from Kontes 
Glass Co., Vineland, New Jersey. Columns were packed with 
four inches of activated florisil topped with one-half inch 
anhydrous sodium sulfate to absorb any moisture from the
sample extract. The columns were tapped from outside to 
ensure firm florisil packing. Forty to fifty milliliters 
of petroleum ether was added to pre-wet the column and 
eluated just to the top of the packaging surface. The 
sample extract was then poured into the column and allowed 
to pass through at about 3-5 ml/minute. The container was 
rinsed with 5 ml portions of petroleum ether, and the rins­
ings were transferred to the column. As the sample solu­
tion reached the top of the column packing, 50 ml of the 
eluating solvent (6% ethyl ether in petroleum ether) was 
added. The eluation rate was adjusted to about 5 ml/minute. 
After the first 50 ml of eluating solvent reached the top 
of the column packing, the remaining 150 ml was added.
This sample eluate was taken for gas chromatographic analy­
sis since 6% eluating solvent can lead to complete recovery 
of PCBs (Pesticide Analytical Manual, Vol. I, 1971). The 
cleaned up sample solution was evaporated on a steam bath 
under a stream of air to almost dryness. After concentrat­
ing it to appropriate volume, the sample eluate was taken 
for gas chromatographic analysis.
Acid-Celite Column Chromatography
This supplementary cleanup procedure was undertaken 
for the separation of PCBs from other organochlorine pesti­
cides. Since in this study the foods used represented 
minimal chances of pesticide contamination, this additional 
cleanup was restricted to confirmatory evaluations only.
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Twenty grams of activated silicic acid was combined 
with 5 g celite in a 250 ml beaker. Immediately it was 
mixed with 80 ml petroleum ether to form a slurry, which 
was transferred to chromatographic column. Air pressure 
was used to settle adsorbent and to force enough petroleum 
ether through the column, until it reached about 3 mm above 
the surface of the gel.
Suitable aliquot of the cleaned up sample extract 
was added to the column taking care not to disturb the top 
of the adsorbent. Using small portions of the petroleum 
ether, the sample was completely transferred to the column. 
The eluation rate was adjusted to 5 ml/minute. Two hundred 
fifty milliliters of additional petroleum ether was placed 
on the reservoir above the column and the eluation was con­
tinued until the eluate colume reached exactly 250 ml. The 
collected eluate was then reduced to suitable volume for 
quantitative analysis of PCBs by gas chromatography.
Electron Capture Gas Chromatography
For quantitative determination of PCBs, the "elec­
tron capture" detector is essential since it is extremely 
sensitive for detection of the chlorinated compounds up to
0.1 to 1.0 ng range when operated at maximum efficiency. 
Since it is very sensitive to interferences, thorough and 
careful cleanup of the sample is necessary prior to 
analysis.
The separation of a mixture into its components by
TABLE III
EQUIPMENT, CONDITIONS AND MODES OF OPERATION 
FOR GAS CHROMATOGRAPHY 
Instrument: Varian Aerograph Model 1200
Component Conditions
Detector
a. Source
b. Activity
c . Applied voltage
d. Temperature
Tritium Foil
250 mCi (millicuries)
90 volts
210°C
Column
a . Type
b. Diameter
c. Length
d. Packing - solid support
e. Packing - Liquid support
f. Temperature
Coiled, Pyrex glass 
1/8 in 
5 ft
Chromosorb W 
10% DC-200 
185°C
Carrier Gas
a. Type
b. Flow rate
Injector
a . Temperature
Recorder
a. Type
b. Chart speed
c. Applied voltage
Nitrogen 
55 ml/minute
225°C
Honeywell Electronik 19 
1/4 in/minute 
1 mv (millivolt)
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gas chromatography depends on the solubility differences of 
the sample vapor in a liquid or the stationary phase (10%
DC 200). The stationary phase is coated in a thin layer on 
solid particles (Chromosorb W) of large surface area and 
then packed uniformly into the column. A constant flow of 
an inert gas (nitrogen) passes through the column and trans­
ports solute molecules in the gas phase. The column is en­
closed in an oven for precise temperature control (Fig. 6).
A sample of the mixture to be analyzed is introduced 
into the heated injector tube, where it is vaporized and 
mixed with the carrier gas. As the gas pushes the sample 
vapor into the column, the vapor partitions itself between 
the gas and liquid phases according to its solubility in 
the liquid at the column-operating temperature. This equi­
librium continues as the sample is moved through the column 
and the rate at which the sample travels through the column 
is determined by the sample solubility in the stationary 
phase and the carrier-gas flow rate. Each component travels 
at a characteristic rate, and if the column has sufficient 
length, the sample gets completely separated by the time it 
reaches the detector.
The electron capture detector, located at the column 
exit, senses any change in the physical or chemical proper­
ties of the column effluent, especially for chlorinated 
compounds. However, it does not identify the vapor, but 
does indicate its presence and concentration.
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FIGURE 6. Gas chromatograph fitted with electron capture 
detector.
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Carrier Gas Supply
Electron Capture 
Detector
FIGURE 7. Flow diagram for gas chromatographic analysis.
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Each component is therefore identified by the length 
of time that it remains in the column termed as "retention 
time," which depends on temperature, column length, type 
of stationary phase, and carrier-gas velocity. If these 
variables are kept constant, the retention time of a com­
ponent will remain constant and a component can be quanti­
tated by the measurement of its retention time.
Retention time and peak heights are outlined on an 
electric strip-chart recorder, where the sample components 
are represented as various peaks on the chromatogram. It 
is the electrical output of the detector that deflects the 
recorder pen, which is proportional to vapor concentration. 
The peaks are then quantitated and the respective amounts 
of components in the mixture calculated.
Quantitation of PCB Peaks
Monsanto methodology for Aroclors (1971) outlines 
four variations of the peakheights or area and divides the 
quantitation procedures as follows:
Case I: EC gas chromatogram of PCB, unchanged with
respect to standard PCB with no evidence of interference.
Case II: EC gas chromatogram of PCB altered with
respect to standard PCB with no evidence of interference.
Case III: EC gas chromatogram of PCB unchanged
with respect to standard PCB with evidence of interference.
Case IV: EC gas chromatogram of PCB altered with
respect to standard PCB with evidence of interference.
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In case I, PCB level can be determined by compari­
son of the height of the major peak in the unknown sample 
with a calibration curve prepared by plotting the height 
of the major peak in the chromatogram of the corresponding 
standard, versus the number of ng of the standard injected. 
With case II samples, because of the alteration, maximum 
PCB level is estimated by comparison of the unknown cali­
bration curve prepared by plotting the total area of the 
most similar standard versus the amount of the standard 
injected. Case III and IV samples call for further clean­
up before quantitation or elimination of the interfering 
peak heights or areas.
In most of the quantitative evluations in this 
study, total response area of the sample was compared to 
the total response area of the standard Aroclors. Blanks 
were run concurrently and standard solutions were also 
run through column chromatography under the same condi­
tions. Peak heights were obtained by drawing the best 
base line under the peaks and measuring from the base line 
vertically to the zone center of the peak. Retention time 
was measured from the base of the peak and the total area 
of the peaks was calculated. The pattern of peaks for a 
sample containing PCB is often not exactly the same as 
that of the standard Aroclor.
63
Combined Gas Chromatography/Mass Spectrometry
Of all the confirmatory tests available for PCBs, 
mass spectrometry represents the most sophisticated and 
accurate method. Aroclor 1254 and Aroclor 1260 were ana­
lyzed on the combined gas chromatograph and the mass spec­
trometer, followed by sample solutions.
The concentrated eluate after the florisil column 
chromatography was directly taken for mass spectrometric 
identification. Three microliters of the standard or the 
sample was injected into the gas chromatograph (Perkin 
Elmer Model 990) having a silanized stainless steel column, 
6 feet long with 1/8 inch diameter coated with OV-1 sili­
cone oil. Programmed temperature analyses were made both 
for standard Aroclor 1254 and Aroclor 1260 series and the 
sample extracts, using the conditions outlined in Table IV.
The mass spectrometer employed was a Hitachi-Perkin
Elmer Model RMS-4 with an electron bombardment source.
The electron ionizing potential was set at 80 volts. Mass
spectra were scanned magnetically from approximately a
mass-to-charge ratio (m/e) of 5 to 400. The electron mul-
4tiplier detector was set at a g a m  of 10 . A total ion 
current monitor (TICM) detector was situated between the 
ion source and the mass analyzing magnet. This detector 
intercepted a portion of the ion beam and displayed it 
simultaneously with the voltage output from the flame 
ionization detector (FID) of the gas chromatograph. Both
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TABLE IV
OPERATING CONDITIONS FOR GAS CHROMATOGRAPH 
USED FOR MASS SPECTROMETRIC STUDIES 
Instrument:
Component
1. Detector
a. Source
b. Temperature
2. Column
a. Type
b. Diameter
c. Length
d. Packing
e. Temperature
3. Carrier Gas
a. Type
b. Flow rate
4. Injector
a . Temperature
5. Recorder
a. Chart speed
Perkin Elmer Model 990
Conditions
Flame ionization 
210°C
Stainless steel 
(silanized)
1/8 in
6 ft
OV-1 silicone oil 
185°C (Isothermal)
Helium 
40 ml/minute
210°C
5 mm/minute
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signals were monitored on a dual channel strip chart re­
corder, where one channel represented the printout of the 
TICM. When a gas chromatographic maximum was observed on 
the TICM, the magnetic field was scanned and the resulting 
mass spectrum was displayed on a photographic paper by a 
4-channel, oscillographic recorder. The approximate scan 
time was 10 seconds.
A mass spectrometer bombards a substance under in­
vestigation with an electron beam from a hot filament 
(tungsten) and quantitatively records the result as a spec­
trum of positive ion fragments. This record is referred to 
as mass spectrum. Thus, as the gaseous sample from gas 
chromatograph enters the sample inlet, the beam of elec­
trons strikes it resulting in the disruption of the sample 
into positive ion fragments. The ions are then accelerated 
by an electric field corresponding to their velocities de­
pendent upon the mass-to-charge (m/e) ratio. The ions on 
passing into a magnetic field follow circular trajectories, 
the radius of which is proportional to the voltage drop of 
the electrical field and the force of the magnetic field. 
Varying the voltage or magnetic field allows only ions of 
a certain m/e to be collected on a plate. As one or the 
other is varied, a scan is produced of all the ions that 
strike the collector. The signal received by the collector 
is then amplified electronically and fed to a recorder 
which prints out the relative abundance of the ions as a 
function of their m/e ratio. Peak heights from their base
line are read on the most sensitive trace remaining on 
scale and are multiplied by an appropriate sensitivity 
factor. Peak heights are proportional to the number of 
ions of each mass. The recorder trace is represented as 
a table or a graph.
The mass spectra for all major peaks in the gas 
chromatograms and the peaks having similar retention times 
were compared. Relative intensities were calculated by 
choosing the most intense peak in the spectrum as base 
peak and assigning it a value of 100. Doubly charged ions
of odd mass values have been omitted. Peaks having a rela­
tive intensity of 1% or less and those having less than
100 m/e ratio were also not included.
RESULTS AND DISCUSSION
Introduction
To facilitate easy interpretation of this investi­
gation, the results and discussion are divided into the 
following five broad categories: (a) combined Gas
Chromatography/Mass Spectrometric identification of PCBs, 
(b) effects of radiation and chemical treatments on PCBs 
in solution, (c) migratory patterns of PCBs into various 
food types, (d) effects of different food processing tech­
niques in reduction of PCBs, and (3) a new approach for 
the quantitation of PCBs. These categories are closely 
knit and interrelated in most of the results and dis­
cussion.
Mass spectrometric evaluations provide a clue to 
different chlorinated biphenyls and the results have been 
applied throughout the discussion under every section. 
Effects of gamma radiation on PCBs were studied compre­
hensively alone, and separately in the presence of either 
potassium hydroxide, calcium hydroxide or iron filings. 
Also included is the impact of ultraviolet radiation on 
PCB solutions in the presence of sodium nitrite.
The migratory patterns of PCBs into different food 
types are discussed, followed by the processing techniques
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which can reduce them quantitatively. Sun-drying and 
freeze-drying methods are comparatively evaluated for their 
applicability in PCB reduction or elimination. Finally, a 
new approach for the quantitation of PCBs is outlined.
Although each section is discussed individually, the 
results and comments in each section are applicable to 
every aspect of the study.
Gas Chromatography/Mass Spectrometric Identification
Gas chromatographs of the two PCB standards (Fig. 8, 
9) indicate the presence of different peaks appearing at 
different intervals of time. Aroclor 1260 requires more 
time which can be attributed to its higher chlorine con­
tent (60%) than Aroclor 1254 (54%). A comprehensive study 
of these two standards is imperative before discussing the 
results obtained. A combined gas chromatography/mass 
spectrometric analysis of individual peaks (Figures 10 
through 19) and tables (Appendix A through T) reveal that 
each separate peak is representative of a chlorinated bi­
phenyl having a different number of chlorine atoms, An 
overall combination of these peaks represents complete 
polychlorinated biphenyls in the mixture.
In the mass spectra of the peaks, relatively in­
tense fragment ions were produced by consecutive loss of 
chlorine atoms from the parent ion. From all of the con­
firmatory tests available for PCBs, mass spectrometry
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represents the most sophisticated and reliable method. The 
mass spectra for all the major peaks in the gas chromatogram 
were recorded prior to their comparative evaluation. Rela­
tive intensities were calculated on the basis of the most 
intense peak in the spectrum, which was regarded as the 
base peak with a value of 100. Doubly charged ions of odd 
mass values were omitted. Peaks having a relative intensity 
of 1% or less and those having a m/e ratio less than 100 
were also ignored.
Thus interpretation of the mass spectra showed peak 
1 in the chromatograph of Aroclor 1254 to be- dichlorobi- 
phenyl, peak 2 trichlorobiphenyl, peaks 3 to 5 tetrachloro- 
biphenyls, peaks 7 and 8 pentachlorobiphenyls, peaks 9 to 
13 hexachlorobiphenyls and peaks 14 and 15 heptachlorobi- 
phenyls.
Similarly, in the chromatogram of Aroclor 1260, 
peak 1 represented trichlorobiphenyl, peaks 2 and 3 tetra- 
chlorobiphenyls, peak 4 pentachlorobiphenyl, peaks 5 and 6 
hexachlorobiphenyls, peaks 7 to 12 heptachlorobiphenyls, 
peak 13 octachlorobiphenyl, peak 14 nonachlorobiphenyl, 
and peak 15 decachlorobiphenyl.
However, it should be noted that different chlori­
nated biphenyls vary with the amount of chlorine content, 
the type of the mixture, and the manufacturing processes 
involved. In this study, these different chlorinated bi­
phenyls, identified by mass spectrometric analyses, were 
used for comparative evaluations, as well as to determine
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the chlorinated biphenyls that are most susceptible or re­
sistant to degradation.
Gamma Radiation Studies
Gamma radiation studies were conducted on PCB stan­
dard solutions in the presence of alcoholic potassium hy­
droxide, alcoholic calcium hydroxide, and iron filings.
The comparative effects of radiation were studied at 0, 1, 
2, 3 and 4 mrads. Results (Table V) indicate that the re­
duction of Aroclor 1254 ranged from 26.4 to 32.9% at 1 mrad 
and 4 mrads, respectively. This is the minimum possible 
reduction observed without any pretreatment. Slow reduc­
tion was noted for Aroclor 1260 in addition to lower deg­
radation percentages compared to Aroclor 1254, as evidenced 
by 24.6% reduction at 4 mrads (Table VI). Apparently, Aro­
clor 1260 was more resistant to degradation than Aroclor 
1254, probably because of its high chlorine content, though 
the interrelationship was not found to be directly propor­
tional .
The effects of gamma radiation in reducing the PCB 
concentrations parallel similar results whereby certain 
water pollutants such as phenol, alkyl benzene sulfonate, 
phenyl mercuric acetate, methyl mercuric chloride, para- 
thion, pentachlorophenol benzidene and 0-napthylamine were 
reduced and showed negligible toxicity in test animals 
(Kinoshita et al., 1972). Also, in the same study PCBs in
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FIGURE 8. Gas chromatograph of Aroclor 1254.
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FIGURE 9. Gas chromatograph of Aroclor 1260.
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FIGURE 10. Mass spectrum of dichlorobiphenyl identified in Aroclor 1254
(Peak No. 1).
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Mass spectrum of tetrachlorobiphenyl identified in Aroclor 1254
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FIGURE 13. Mass spectrum of pentachlorobiphenyl identified in Aroclor 1254 
(Peak No. 7)
FIGURE 14. Mass spectrum of pentachlorobiphenyl identified in Aroclor 
(Peak No. 8).
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FIGURE 15. Mass spectrum of hexachlorobiphenyl identified in Aroclor 1254
(Peak No. 10). ^
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FIGURE 16. Mass spectrum of hexachlorobiphenyl identified in Aroclor 1254 
(Peak No. 11).
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FIGURE 17. Mass spectrum of hexachlorobiphenyl identified in Aroclor 1254
(Peak No. 12).
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FIGURE 18. Mass spectrum of heptachlorobiphenyl identified in Aroclor 1254
(Peak No. 14).
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FIGURE 19. Mass spectrum of heptachlorobiphenyl identified in Aroclor 1254
(Peak No. 15).
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TABLE V
EFFECT OF GAMMA RADIATION ON AROCLOR 1254
PEAK NO. i Peak Area Left After Exposure
Peak No.
1 mrad 2 mrad 3 mrad 4 mrad
1. 200.0 386.7 520.0 633.3
2 . 64.8 48.2 52.5 56.1
3. 86.7 77.3 96.0 108.0
4. 90.32 177.4 387.1 412.9
5. 114.8 177.3 214.2 244.3
6. - - - -
7. 86.53 81.6 85.7 86.5
8. 106.7 70.7 47.1 46.2
9. 85.2 86.1 67.5 83.7
10. 89.5 84.8 80.8 79.2
11. 71.2 66.0 65.2 63.4
12. 51.5 38.6 31.2 23.7
13. 43.0 35.6 22.2 19.3
14. 58.5 42.5 34.0 32.0
15. 85.9 45.5 39.4 25.3
16. 56.6 18.9 17.0 -
% Total
Peak Area 73.6 69.0 67.6 67.1
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EFFECT OF GAMMA
TABLE VI 
RADIATION ON AROCLOR 1260
Peak No.
% Peak Area Left After Exposure
1 mrad 2 mrad 3 mrad 4 mrad
1. 100.0 188.; 9 213.9 266.7
2. 143.3 156.1 188.4 221.5
3. 65.0 81.7 92.1 130.0
4. 86.7 93.3 93.3 106.7
5. 141.3 160.1 170.4 172.7
6. 89.7 90.3 93.9 90.3
7. 81.4 77.1 62.9 62.9
8. 78.0 72.9 61.0 60.7
9. 71.4 65.6 54.1 53.1
10. 73,0 63.5 46.0 42.4
11. 110.2 87.4 78.7 65.1
12. 76.5 74.1 45.9 45.1
13. 82.3 72.0 52.0 52.7
14. 52.8 61.1 44.4 20.8
15. 40.4 37.0 27.4 16.6
% Total
Peak Area 86.1 82.4 75.4 75.4
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FIGURE 20. Gas chromatograph showing effects of gamma 
radiation on Aroclor 1254.
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FIGURE 21. Gas chromatograph showing effect of gamma radiation on Aroclor 1260.
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TABLE VII
EFFECT OF GAMMA RADIATION ON INDIVIDUAL CHLORINATED 
BIPHENYL ISOMERS: IN AROCLOR 1254
% Left After Exposure
Chlorinated
Biphenyls 1 mrad 2 mrad 3 mrad 4 inrad
Dichloro-
Biphenyls 200.0 386.7 520.0 633.3
Trichloro-
Biphenyls 64.8 48.2 52.5 56.1
Tetrachloro-
Biphenyls 108.5 160.9 206.6 233.4
Pentachloro-
Biphenyls 92.9 78.2 73.6 73.3
Hexachloro-
Biphenyls 66.8 59.0 52.5 49.3
Heptachloro-
Biphenyls 67.6 43.5 35.8 29.8
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TABLE VIII
EFFECT OF GAMMA RADIATION ON INDIVIDUAL CHLORINATED
BIPHENYL ISOMERS IN AROCLOR 1260
Chlorinated
Biphenyls
1 mrad
% Left After Exposure
2 mrad 3 mrad 4 mrad
Trichloro-
Biphenyls 100.0
Tetrachloro- 
Biphenyls 110.6
Pentachloro- 
Biphenyls 86.7
Hexachloro- 
Biphenyls 101.0
Heptachloro- 
Biphenyls 84.4
Octachloro- 
Biphenyls 82.3
Nanochloro-
Biphenyls 52.8
Decachloro-
Biphenyls 40.4
188.9
125.0
93.3
105.6
73.9
72.0
61.1 
37.0
213.9
148.2
93.3 
110.7
59.9
52.0
44.4
27.4
266.7
183.3
106.7
108.4 
55.1
52.7
20.8 
16.6
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aqueous microparticulate colloidal solution were shown to 
be affected by ionizing radiation, but their resistance to 
radiation was found to be greater than other chlorinated 
hydrocarbons, such as pentachlorophenol, DDT, parathion or 
other pesticides.
In this investigation, potassium hydroxide treatment 
magnified the extent of degradation as evidenced from 
Tables IX and X, whereby 32.5% and 19.6% reduction was 
noted at 1 mrad for both the Aroclors respectively. This 
change in the Aroclors amounted to 6%, and at higher doses 
there was a continuous reduction reaching 51.2% and 69.9% 
respectively for the Aroclors at 4 mrads. It is interest­
ing to note that the rate of reduction is more than doubled 
in the presence of potassium hydroxide for both of the PCB 
mixtures. This accelerated degradation can be attributed 
to (a) the action of gamma radiation on the removal of 
chloride ions clinging fast to the biphenyls and (b) simul­
taneous substitution of hydroxyl ions and the formation of 
potassium chloride.
The most interesting effect was recorded in the 
presence of calcium hydroxide, where maximum reduction was 
observed comparatively, increasing with the radiation 
dosage. This change reached 88.1% for Aroclor 1254 and 
64.1% for Aroclor 1260. Thus, most effective degradation 
can be achieved in the presence of calcium hydroxide.
Also, at lower doses the change was greater relatively,
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although not as prominent as that at higher doses. A steep 
reduction was noticed (Figures 26 and 27) as the exposure 
to gamma radiation increased. Similar to the formation of 
potassium chloride with the use of potassium hydroxide, 
calcium chloride can be expected to be the resultant pro­
duct. The increased reduction observed can be attributed 
to the following reasons: (a) availability of more hy­
droxyl ions for substitution, and (b) presence of a di­
valent calcium ion for effective chlorine replacement and 
substitution to form calcium chloride. This leads to an 
interesting speculation as to the capability of resisting 
or reducing PCB concentrations by foods rich in calcium or 
enriched with calcium. However, no significant reduction 
was noted in the presence of iron filings or water in the 
PCB mixtures studied.
A more illustrative elaboration will be that a 5 ppm 
solution of Aroclor 1254 will be reduced in concentration 
to 0.596 ppm on exposure to 4 mrads of gamma radiation in 
the presence of calcium hydroxide. Similarly it will re­
sult in the lowering of concentration to 1.796 ppm for 
Aroclor 1260. Also, the remaining PCBs from a 5 ppm solu­
tion at the end of 4 mrads exposure can be expressed as 
3.356, 1.502, 0.596 ppm for Aroclor 1254 only, in the 
presence of potassium hydroxide, and in the presence of 
calcium hydroxide, respectively. In the same way 3.770, 
2.442, and 1.796 ppm residues were left at 4 mrads for
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TABLE IX
EFFECT OF GAMMA RADIATION ON AROCLOR 1254 IN
PRESENCE OF POTASSIUM HYDROXIDE
Peak No.
% Peak Area Left After Exposure
1 mrad 2 mrad 3 mrad 4 mrad
1. 131.3 314.3 300.0 675.0
2. 61.8 33.3 23.3 42.1
3. 2.5 2.5 2.5 4.0
4. 266.7 244.5 150.0 277.8
5. 90.5 82.4 52.6 67.6
6. - - - -
7. 81.1 56.7 48.5 40.0
8. 12.A 67.2 51.7 34.5
9. 64.0 61.6 53.4 30.7
10. 76.5 57.2 47.2 22.7
11. 64.1 36.2 29.5 13.7
12. 55.2 35.7 28.5 11.0
13. 45.1 25.5 20.0 10.4
14. 38.5 3.8 0.1 -
15. 33.8 - - -
16. 50.0 — — —
% Total
Peak Area 67.5 46.0 36.8 30.1
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TABLE X
EFFECT OF GAMMA RADIATION ON AROCLOR 1260 IN
PRESENCE OF POTASSIUM HYDROXIDE
Peak No.
% Peak Area Left After Exposure
1 mrad 2 mrad 3 mrad 4 mrad
1 . 33.3 564.7 975.0 1400.0
2. 106.8 264.5 287.2 278.0
3. 133.3 243.2 302.6 577.8
4. 75.6 - - -
5. 121.6 172.7 104.4 221.6
6 . 77.5 56.4 37.3 47.8
7. 69.2 692.0 636.4 407.7
8. 84.2 105.1 131.8 52.6
9. 91.1 65.4 60.7 33.2
10. 70.7 53.7 24.4 13.2
11. 85.7 42.4 43.2 16.6
12. 72.0 22.9 26.4 3.2
13. 42.8 13.8 6.3 -
14. - - - -
15. — — —
% Total
Peak Area 80.4 77.3 60.2 48.8
0 mrad
4  m rad*
I 8 12 164 2 28
minute*
FIGURE 22. Gas chromatograph showing effect of gamma
radiation on Aroclor 1254 in presence of
potassium hydroxide.
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FIGURE 23. Gas chromatograph showing effect of gamma radiation on Aroclor 1260
in presence of potassium hydroxide.
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TABLE XI
EFFECT OF GAMMA RADIATION ON INDIVIDUAL CHLORINATED
BIPHENYL ISOMERS IN AROCLOR 1254 IN
PRESENCE OF POTASSIUM HYDROXIDE
Chlorinated
Biphenyls
% Left After Exposure
1 mrad 2 mrad 3 mrad 4 mrad
Dichloro-
Biphenyls 131.3 314.3 300.0 675.0
Trichloro-
Biphenyls 61.8 33.3 23.3 42.1
Tetrachloro-
Biphenyls 80.7 66.1 42.1 65.8
Pentachloro-
Biphenyls 78.2 58.7 49.1 38.3
Hexachloro-
Biphenyls 60.9 43.1 35.3 15.9
Heptachloro-
Biphenyls 35.2 4.2 2.6
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TABLE XII
EFFECT OF GAMMA RADIATION ON INDIVIDUAL CHLORINATED
BIPHENYL ISOMERS IN AROCLOR 1260 IN
PRESENCE OF POTASSIUM HYDROXIDE
Chlorinated
Biphenyls
%  Left After Exposure
1 mrad 2 mrad 3 mrad 4 mrad
Trichloro-
Biphenyls
Tetrachloro-
Biphenyls
Pentachloro-
Biphenyls
Hexachloro-
Biphenyls
Heptachloro-
Biphenyls
Octachloro-
Biphenyls
Nanochloro-
Biphenyls
Decachloro-
Biphenyls
33.3 
112.9
75.6
84.4 
81.9 
42.8
564.7
258.4
73.7 
69.1
13.8
975.0 1400.0
291.7
60.5
51.8
6.3
348.1
74.9
29.7
Aroclor 1260 alone, in the presence of potassium hydroxide, 
and in the presence of calcium hydroxide, respectively.
Individual peaks as evidenced by chromatograms 
(Figures 20 and 21) illustrate that there are certain peaks 
which increase several fold upon radiation, while there are 
some which are drastically reduced. Peaks 1, 5 and 8 in 
Aroclor 1254 and peaks 1, 2, 5, and 11 in Aroclor 1260 
increased on exposure to gamma radiation, starting at the 
dose rate of 1 mrad.
The mass spectrometric evaluation revealed an inter­
esting fact that the dichlorobiphenyls increased several 
fold at every dose of radiation, reaching about 633%.
Change was also noted for tetrachlorobiphenyls, although 
to a considerably lesser extent. Similar increase was 
also noted for tri-, tetra- and hexachlorobiphenyls in 
Aroclor 1260. This unexpected increase in the peak areas 
of the lower chlorinated biphenyls provides evidence for 
the assumption that the higher chlorinated biphenyls are 
broken down constantly during the process to lower chlori­
nated biphenyls. On the other hand a considerable decrease 
was noted in the heptachlorobiphenyls of Aroclor 1254 and 
decachlorobiphenyls of Aroclor 1260.
In the presence of potassium hydroxide it was found 
that the nona- and decachlorobiphenyls of Aroclor 1260 are 
completely degraded starting with 1 mrad radiation dose. 
Consequently, tri- and tetrachlorinated biphenyls
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TABLE XIII
EFFECT OF GAMMA RADIATION ON 
PRESENCE OF CALCIUM
AROCLOR 1254 
HYDROXIDE
IN
Peak No.
% Peak Area Left After Exposure
1 mrad 2 mrad 3 mrad 4 mrad
1 . 130.0 460.0 180.0 -
2 . 33.3 97.7 34.9 -
3. 42.3 208.3 166.7 -
4. 400.0 983.3 500.0 -
5. 42.0 137.5 100.0 1.98
6. - - - -
7. 63.1 83.8 66.2 5.2
8. 64.3 71.7 47.8 5.8
9. 70.6 85.7 80.7 19.0
10. 69.6 69.1 61.1 23.2
11. 63.2 65.5 45.2 12.8
12. 54.3 60.3 40.5 15.7
13. 33.1 32.1 17.9 1.3
14. 15.4 28.3 11.3 -
15. 20.3 23.8 - -
16. 15.8 - — -
% Total
Peak Area 61.3 58.6 42.9 11.9
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TABLE XIV
EFFECT OF GAMMA RADIATION ON AROCLOR 1260 IN
PRESENCE OF CALCIUM HYDROXIDE
Peak No.
<% Peak Area Left After Exposure
1 mrad 2 mrad 3 mrad 4 mrad
1 . 237.5 56.3 131.3 46.9
2 . 85.9 87.3 94.3 76.4
3. 149.7 87.9 87.9 66.7
4. 49.3 39.6 42.9 33.6
5. 50.9 63.7 66.5 53.3
6 . 104.8 56.0 59.9 49.3
7. 104.7 51.3 32.0 44.0
8 . 107.3 48.8 41.0 44.4
9. 92.5 32.9 31.4 31.9
1 0 . 80.6 30.5 27.0 27.0
1 1 . 88.6 36.2 28.4 30.6
1 2 . 88.5 30.6 18.2 19.2
13. 69.4 13.5 20.3 10.4
14. - - - -
15. - - — —
% Total
Peak Area 88.3 42.1 39.6 35.9
1 0 0
10
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2 m radi
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FIGURE 24. Gas chromatographs showing effect of gamma
radiation on Aroclor 1254 in presence of
calcium hydroxide.
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FIGURE 25. Gas chromatographs showing effect of gamma radiation on Aroclor 1260 
in presence of calcium hydroxide. 101
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TABLE XV
EFFECT OF GAMMA RADIATION ON INDIVIDUAL CHLORINATED
BIPHENYL ISOMERS IN AROCLOR 1254 IN
PRESENCE OF CALCIUM HYDROXIDE
Chlorinated
Biphenyls
% Left After Exposure
1 mrad 2 mrad 3 mrad 4 mrad
Dichloro-
Biphenyls 130.0 460.0 180.0
Trichloro-
Biphenyls 33.3 97.7 34.9
Tetrachloro-
Biphenyls 95.1 126.9 88.3 1.8
Pentachloro-
Biphenyls 63.5 57.3' 43.4 5.4
Hexachloro-
Biphenyls 61.0 52.4 40.5 16.3
Heptachloro-
Biphenyls 17.1 11.1 3.3
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TABLE XVI
EFFECT OF GAMMA RADIATION ON INDIVIDUAL CHLORINATED
BIPHENYL ISOMERS IN AROCLOR 1260 IN
PRESENCE OF CALCIUM HYDROXIDE
% Left After Exposure
Chlorinated ________________________________________
Biphenyls
1 mrad 2 mrad 3 mrad 4 mrad
Trichloro-
Biphenyls 237.5
Tetrachloro- 
Biphenyls 113.8
Pentachloro- 
Biphenyls 49.3
Hexachloro-
Biphenyls 91.8
Heptachloro- 
Biphenyls 91.8
Octachloro-
Biphenyls 69.4
Nanochloro-
Biphenyls
Decachloro-
Biphenyls
56.3
87.5
39.6 
50.2
39.5
13.5
131.3
91.5
42.9
57.9 
29.4 
20.3
46.9
72.2 
33.6 
61.5
31.2 
10.4
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increased considerably and are probably the only form of 
PCB present in the reduced solution. Similar patterns were 
observed for hepta- and hexachlorobipheny1s in Aroclor 1254, 
exhibiting several fold increase for dichlorobiphenyls.
Thus it is evident from the results obtained that the pres­
ence of potassium hydroxide accelerates PCB reduction and 
the pattern of reduction initiates with the degradation of 
higher chlorinated biphenyls to lower ones.
Identical observations with greater intensity were 
observed in the presence of calcium hydroxide, wherein 
nona- and decachlorobiphenyls in Aroclor 1260 were com­
pletely reduced soon after exposure to gamma radiation. 
Another phenomenon observed was the degradation of lower 
chlorinated biphenyls as evidenced by the complete absence 
of di- and trichlorobiphenyls after 4 mrad of radiation.
The data obtained lead to a conclusion that upon 
exposure to gamma radiation, there are simultaneous and 
dynamic changes taking place whereby (a) the higher chlori­
nated biphenyls are reduced to lower ones and (b) the lower 
chlorinated biphenyls are degraded successively. This 
pattern of degradation can be attributed to one or more of 
the following phenomena: (1) reductive dechlorination,
(2) isomerization and (3) polymerization. In general, the 
cobalt-60 gamma radiation steps up the chain reaction by 
separating chlorine and biphenyl molecule in PCB. The re­
sultant compounds after radiation can be expected to be 
lower chlorinated biphenyls, which again can be easily
eliminated. Results by Kinoshita et al. (1972) indicate 
that acute toxicity of irradiated PCB solution was found 
to be far less than the non-irradiated solution and the 
products of irradiation showed reduced toxicity. Also it 
was shown that the solution turned acidic upon radiation 
and this acid was identified as hydrochloric acid. In 
addition to the application of gamma radiation to PCB re­
duction, the results lead to the conclusion that it can 
also be applicable in the case of other pollutants, par­
ticularly those which are chemically related to PCBs. 
Although complete degradation was not exhibited at lower 
doses of radiation, it is apparent that PCBs can be made 
harmless to a much greater extent. Since they are usually 
present in low concentrations, this process can eliminate 
them or degrade them effectively.
The safe dosage level of gamma radiation used in 
food preservation varies from food to food. Usually the 
dosage level is optimum at 2 mrads for most of the food 
products. Even if the foods are contaminated to the higher 
level used in this investigation, 17 to 31% reduction can 
be expected for both the Aroclors. The factors to be con­
sidered are (i) low concentration of PCBs in foods,
(ii) the form of PCBs present in foods might have much 
lower chlorine percentages, and (iii) the effect of stor­
age on PCB content as discussed in the following sections. 
However, further study is needed to elucidate the effects 
nutrients, especially calcium, have on PCB degradation and
TABLE XVII
TOTAL PCB (AROCLOR 1254) LEFT AFTER EXPOSURE TO GAMMA RADIATION
TREATMENT
0 mrad 1 mrad 2 mrad 3 mrad 4 mrad
ppm ppm % red. ppm % red. ppm % red. ppm % red.
Aroclor 
1254 Only 5.000 3.680 26.4 3.449 31.0 3.378 32.4 3.356 32.9
Aroclor 
1254 + 
Potassium 
Hydroxide 5.000 3.374 32.5 2.300 54.0 1.842 63.2 1.502 69.9
Aroclor 
1254 + 
Calcium 
Hydroxide 5.000 3.065 38.7 2.928 41.4 2.145 57.1 0.596 88.1
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TABLE XVIII
TOTAL PCB (AROCLOR 1260) LEFT AFTER EXPOSURE TO GAMMA RADIATION
TREATMENT
0 mrad 1 mrad 2 mrad 3 mrad 4 mrad
ppm ppm % red. ppm % red. ppm % red. ppm % red.
Aroclor 
1260 Only 5.000 4.303 13.9 4.121 17.6 3.771 24.6 3.770 24.6
Aroclor 
1260 + 
Potassium 
Hydroxide 5.000 4.019 19.6 3.867 22.7 2.952 39.8 2.442 51.2
Aroclor 
1260 + 
Calcium 
Hydroxide 5.000 4.415 11.7 2.101 57.9 1.981 60.4 1.796 64.1
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1 1 0
its elimination from foods. This investigation brings to 
light the fact that potassium hydroxide accelerates the 
reduction of PCB concentration and the maximum degradation 
takes place in the presence of calcium hydroxide.
Compared to sun-drying and ultraviolet radiation 
methods for PCB reduction, gamma radiation will not have 
its effects confined to superficial layers of the food or 
environmental samples. Pre-treatment of foods prior to 
radiation can definitely produce greater reduction of PCB 
at comparatively lower doses resulting in safe food 
products.
Ultraviolet Radiation Studies
Ultraviolet radiation studies were undertaken to 
determine its effect on Aroclor 1254 and 1260 in hexane 
solution as well as in the presence of 1% sodium nitrite 
solution. Tables XIX through XXII represent the results 
obtained with and without sodium nitrite treatment. Aro­
clor 1254 degraded completely after 12 hours of radiation 
in the untreated solution and after 6 hours in the pres­
ence of sodium nitrite. Similarly, Aroclor 1260 exhibited 
complete degradation after 20 hours and 12 hours for the 
treated and untreated samples, respectively. The extent 
of reduction depends upon the chlorine content of the PCB 
mixture and mixtures containing smaller amounts of chlor­
ine can be expected to degrade at comparatively lower 
exposure levels.
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TABLE XIX
EFFECT OF ULTRA-VIOLET RADIATION ON AROCLOR 1254
Peak No.
% Peak Area Left After Exposure
1 Hr. 2 Hrs 4 Hrs 6 Hrs 8 Hrs 10 Hrs
1 . 0 0 0 0 0 0
2 . 83.3 50.0 0 0 0 0
3. 100.0 300.0 0 0 0 0
4. 0 0 0 0 0 0
5. 126.3 142.1 157.9 131.6 105.3 92.1
6 . 0 0 0 0 0 0
7. 110.5 99.1 93.8 78.1 57.1 13.3
8 . 66.7 37.5 0 0 0 0
9. 261.1 242.6 311.1 235.2 117.6 75.9
1 0. 81.5 60.2 14.0 8.1 8.1 0
1 1 , 71.0 64.5 46.0 27.4 0 0
1 2. 56.7 27.8 3.3 0 0 0
13. 0 0 0 0 0 0
14. 0 0 0 0 0 0
15. 0 0 0 0 0 0
% Total
Peak Area 88.2 71.7 54.5 39.3 26.3 11.3
1 1 2
TABLE XX
EFFECT OF ULTRA-VIOLET RADIATION ON AROCLOR 1260
Peak No.
% Peak Area Left After Exposure
4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs
1 . 350.0 100.0 0 0 0
2 . 141.1 77.5 61.2 31.0 0
3. 318.0 253.9 159.0 102.6 0
4. 93.9 98.8 61.4 24; 5 0
5. 156.7 108.0 77.0 31.7 0
6 . 98.1 99.2 74.8 48.9 0
7. 87.5 59.7 31.9 0 0
8 . 45.8 25.2 10.5 0 0
9. 66.9 54.2 8.9 0 0
10. 79.6 49.0 27.8 0 0
11. 72.9 52.0 28.2 0 0
12. 54.4 12.5 0 0 0
13. 25.0 0 0 0 0
14. 0 0 0 0 0
15. 0 0 0 0 0
% Total 
Peak Area 85.2 62.6 38.4 13.8 0
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TABLE XXI
EFFECT OF ULTRA-VIOLET RADIATION ON AROCLOR 1254 IN
PRESENCE OF SODIUM NITRITE
Peak No.
% Peak Area Left After Exposure
2 Hrs. 4 Hrs. 6 Hrs.
1 . 0 0 0
2 . 97.8 23.7 0
3. 141.7 0 0
4. 0 0 0
5. 71.0 1.0 0
6 . 0 0 0
7. 73.8 1.5 0
8 . 51.5 1.9 0
9. 110.5 22.9 0
1 0 . 54.1 5.6 0
1 1 . 53.5 3.3 0
1 2 . 54.0 6.8 0
13. 0 0 0
14. 0 0 0
15. 0 0 0
% Total
Peak Area 61.6 4.7 0
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TABLE XXII
EFFECT OF ULTRA-VIOLET RADIATION ON INDIVIDUAL CHLORINATED
BIPHENYL ISOMERS IN AROCLOR 1260
IN PRESENCE OF SODIUM NITRITE
Peak No.
% Peak Area Left After Exposure
4 Hrs 8 Hrs 12 Hrs
1. 66.7 22.2 0
2 . 125.0 25.8 0
3. 135.0 60.6 0
4. 57.7 32.0 0
5. 66.7 27.9 0
6 . 41.8 27.5 0
7. 33.3 8.6 0
8 . 17.4 3.7 0
9. 31.0 15.5 0
10. 18.1 14.0 0
11. 23.8 20.2 0
12. 0 0 0
13. 14.3 0 0
14. 0 0 0
15. 0 0 0
% Total
Peak Area 32.6 17.0 0
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It is also noteworthy that the degradation of both 
Aroclor 1254 and 1260 is proportional to the hours of ex­
posure with the exception of sodium nitrite treated 
samples, where a more rapid degradation pattern was re­
corded. After an hour of radiation 11.8% decrease was 
shown for Aroclor 1254 which reached 88.7% after 10 hours 
of exposure. Similarly, after 4 hours of exposure Aroclor 
1260 reduced 14.8% which subsequently reached 86.2% prior 
to complete degradation.
Since little is known about the photochemistry of 
PCBs, ultraviolet radiation could induce both degradation 
and unsuspected photoreactions between PCBs and naturally 
occurring organic compounds. Photolysis of 3,3',4,4'- 
tetrachlorobiphenyl in hexane with 3100 A light was shown 
to produce a stepwise dechlorination process (Zabik et al., 
1971).
Absorption of ultraviolet light thus provides the 
energy to start the process resulting in the displacement 
of the electrons. It is an observational fact that photo­
chemical reactions are much more readily produced by ultra­
violet light than by any other light source. Such a re­
sponse can be expected from the fact that the shorter 
wavelengths of light contain greater amounts of energy.
It is paradoxical that the results obtained from 
ultraviolet light were much more profound than those from 
gamma radiation. However, it must be realized that the 
intensity of energy is more significant rather than the
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amount of energy. The greater the intensity of the beam 
of light, the faster is a given photochemical reaction, 
provided that the quanta are large enough. If the indi­
vidual photons in a particular beam of light contain an 
insufficient amount of energy (i.e., wavelength is too 
long) no photochemical reaction can be expected, no matter 
how many quanta are introduced.
It was also observed that the degradation rate of 
PCBs was much slower in petroleum ether than in hexane.
This observation agrees with the results obtained by 
Herring et al. (1972), where PCBs degraded fastest in 
hexane and slowest in benzene. The solvent therefore has 
a definite impact on the degradation rate. One of the 
factors responsible for the effect of solvent is the trans­
mission limit of ultraviolet radiation for the particular 
solvent. Shorter wavelength and higher energy radiation 
can be expected to be more effective, and these in turn 
depend on the transmission limit.
Crosby and Moilanen (1973) indicated that the chlori­
nated aromatic compounds are reductively dechlorinated in 
organic solvents when exposed to ultraviolet light at sun­
light wavelengths. Also, replacement of chlorine by hy­
droxyl as well as by hydrogen ions is possible upon ultra­
violet radiation as shown below.
TABLE XXIII
EFFECT OF ULTRA-VIOLET RADIATION ON INDIVIDUAL CHLORINATED
BIPHENYL ISOMERS IN AROCLOR 1254
Chlorinated
% Left After• Exposure
Biphenyls
1 Hr. 2 Hrs. 4 Hrs. 6 Hrs. 8 Hrs. 10 Hrs. 12 Hrs.
Dichloro-
Biphenyls 0 0 0 0 0 0 0
Trichloro-
Biphenyls 83.3 50.0 0 0 0 0 0
Tetrachloro-
Biphenyls 125.6 146.2 153.9 128.2 102.6 89.7 0
Pentachloro-
Biphenyls 102.3 87.6 80.6 63.6 46.5 10.9 0
Hexachloro-
Biphenyls 85.6 65.6 43.9 30.0 18.1 6.9 0
Heptachloro-
Biphenyls 0 0 0 0 0 0 0
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TABLE XXIV
EFFECT OF ULTRA-VIOLET RADIATION ON INDIVIDUAL CHLORINATED
BIPHENYL ISOMERS IN AROCLOR 1260
Chlorinated
Biphenyls
%  Left After Exposure
4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs
Trichloro-
Biphenyls 350.0 100.0 0 0 0
Tetrachloro-
Biphenyls 182.1 126.8 83.9 47.6 0
Pentachloro-
Biphenyls 93.9 98.8 61.4 24.5 0
Hexachloro-
Biphenyls 117.0 102.0 75.5 43.3 0
Heptachloro-
Biphenyls 66.9 43.5 21.3 0 0
Octachloro-
Biphenyls 25.0 0 0 0 0
Nanochloro-
Biphenyls 0 0 0 0 0
Decachloro-
Biohenyls 40.0 0 0 0 0
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TABLE XXV
EFFECT OF ULTRA-VIOLET RADIATION ON INDIVIDUAL CHLORINATED
BIPHENYL ISOMERS IN AROCLOR 1254
IN PRESENCE OF SODIUM NITRITE
Chlorinated
Biphenyls
% Left After Exposure
2 Hrs. 4 Hrs. 6 Hrs
Dichloro-
Biphenyls 0 0 0
Trichloro-
Biphenyls 97.8 23.7 0
Tetrachloro-
Biphenyls 72.5 1.0 0
Pentachloro-
Biphenyls 66.6 1.6 0
Hexachloro-
Biphenyls 58.0 6.2 0
Heptachloro-
Biphenyls 0 0 0
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TABLE XXVI
EFFECT OF ULTRA-VIOLET RADIATION ON INDIVIDUAL CHLORINATED
&IPHENYL ISOMERS IN AROCLOR 1260
IN PRESENCE OF SODIUM NITRITE
Chlorinated
Biphenyls
% Left After Exposure
4 Hrs. 8 Hrs. 12 Hrs,
Trichloro-
Biphenyls 66.7 22.2 0
Tetrachloro-
Biphenyls 127.9 32.9 0
Pentachloro-
Biphenyls 57.7 32.0 0
Hexachloro-
Biphenyls 47.4 27.6 0
Heptachloro-
Biphenyls 21.2 12.5 0
Octachloro-
Biphenyls 14.3 0 0
Nonachloro-
Biphenyls 0 0 0
Decachloro-
Biphenyls 0 0 0
The resultant products can be expected to be hydro­
chloric acid or sodium chloride, depending on the treatment. 
It is not yet established if the photolytic breakdown of 
PCBs results in the production of at least transient quan­
tities of more toxic compounds.
In sodium nitrite treated samples 95.3% and 67.5% 
reductions were observed after 4 hours of exposure for Aro­
clor 1254 and 1260, respectively. It is evident that it 
plays a prominent role in the accelerated PCB degradation. 
Although the exact role of sodium nitrite is unknown, it 
can be presumed to be of direct or indirect help in the 
process, by facilitating increased absorption of radiation.
The influence of sodium nitrite on residual PCBs is 
further illustrated by the fact that a 5 ppm solution of 
Aroclor 1254 will be reduced to 1.317 ppm and 0 ppm in un­
treated and sodium nitrite treated samples, respectively, 
after an exposure of ultraviolet light for 4 hours. On 
the other hand, a 5 ppm solution of Aroclor 1260 will be 
reduced to 1.920 ppm and 0 ppm in untreated and sodium 
nitrite treated samples, respectively, after 12 hours of
TABLE XXVII
TOTAL PCB LEFT AFTER EXPOSURE TO ULTRA-VIOLET RADIATION
Treatment 0 Hrs. 4 Hrs. 8 Hrs. 12 Hrs • 16 Hrs.
ppm ppm % red. ppm % red. ppm %. red. ppm % red.
Aroclor 
1254 Only 5.000 2.728 45.4 1.317 73.7 0 100.0 -
Aroclor 
1254 +
Sodium nitrite 5.000 0.232 95.3 0 100.0 - -
Aroclor 
1260 Only 5.000 4.260 14.8 3.131 37.4 1.920 61.6 0.689 86.2
Aroclor 
1260 +
Sodium nitrite 5.000 1.628 67.5 0.851 83.0 0 100.0 -
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exposure. The utility of the process lies in its profound 
influence in a short period of time.
The mass spectrometric evaluations revealed the deg­
radation pattern which starts from the higher chlorinated 
biphenyls proceeding toward the lower ones in both the Aro- 
clors. The di- and heptachlorobiphenyls are degraded as 
early as the first hour of exposure to ultraviolet light 
for Aroclor 1254. However, it is interesting to note that 
the tetrachlorobiphenyls increase several fold and are per­
sistent until the last few hours of complete degradation.
In sodium nitrite treated samples no extraordinary increase 
in the peak areas was observed. On the contrary, reduction 
was noted in all the chlorinated biphenyl isomers. Tri- 
chlorobiphenyls were most resistant to degradation. In 
Aroclor 1260, a similar pattern was observed with tetra­
chlorobiphenyls increasing in both treated and untreated 
samples. Also, drastic reductions were observed in the 
peak areas of sodium nitrite treated samples in both the 
Aroclors. The higher chlorinated biphenyls thus reduce to 
lower ones which degrade simultaneously. Reductive de­
chlorination, isomerization and polymerization can be ex­
pected to be responsible for the degradation observed.
The presence of ultraviolet light in sun rays proves 
to be of high ecological significance, considering its role 
in the reduction or elimination of PCBs. These findings 
also reveal the operation of environmental mechanisms which
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could effectively degrade these widespread contaminants, 
either individually or in combination with other pollutants.
Migratory Patterns of PCB into Foods
This investigation was designed to elucidate the 
mechanism and migratory patterns of Aroclor 1254 and 1260 
into different food types. Beef (hamburger meat), rice, and 
shrimp were selected to represent fat, carbohydrate and 
protein food type categories. The flexible packaging films 
used were coated with 100 ppm of Aroclor 1254 and 1260, a 
concentration exceeding the amount of PCB commonly found in 
foods. Although this may not be the form in which foods 
may get exposed to PCB, it represents the maximum possible 
contamination when easily accessible high concentrations of 
PCB are in close proximity to the foods rich in protein, 
fat and carbohydrates.
A comparative evaluation of the results revealed 
that beef had a tendency to accumulate high concentrations 
of PCBs and also exhibited quick "pick-up" immediately on 
contact as evidenced by the amount of PCBs after the first 
day of experimentation. This high concentration of PCB in 
beef, can be attributed to its high fat content and the 
lipophilic nature of the PCBs. On the other hand, shrimp 
and rice were found to have lesser degrees of adsorption 
immediately following exposure. High fatty foods can thus 
be expected to accumulate PCBs rapidly on coming in contact
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with contaminated packagings. Also the concentration in 
beef was found to be fairly constant throughout, except 
where prolonged storage and contact with PCB source was 
involved.
The different concentrations of PCBs are compara­
tively illustrated in Figures 30 through 33. Aroclor 1254 
concentration in beef ranged from 28.6 to 53.6 jjg/100 g, 
whereas for Aroclor 1260 it ranged from 41.8 to 87.7 
yg/100 g (Tables XXVIII and XXIX) comparatively, based on 
total solids. This accounts for more than twice the con­
centration and it is likely that high chlorine containing 
PCBs migrate to a greater extent, especially in high fat 
containing foods.
The mechanisms of PCB migration can be attributed 
to (1 ) adsorptive phenomena and/or (2) vapor-phase phe­
nomena. According to Stanovick et al. (1973) barrier ma­
terials placed in between food and packages significantly 
reduced PCB migration into foods. The degree of the reduc­
tion was inversely correlated with the known gas permea­
bilities for the classes of barrier materials. The fairly 
constant accumulation of PCBs in beef during the first 15 
days leads to the assumption that the surface adsorption 
phenomena is not solely responsible for migration but is 
preceded by vapor phase phenomena on continued contact or 
exposure to the PCBs. It is also possible that the high 
fat content provides favorable conditions for their migra­
tion and leads to slow penetration as evidenced by 53.5
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TABLE XXVIII 
MIGRATION OF PCB (AROCLOR 1254) INTO FOODS
Storage
(days)
Rice 
yg/100 g solids
Shrimp 
yg/100 g solids
Beef 
yg/100 g solids
1 3.90 1.10 28.56
8 4.75 17.64 32.92
15 8.64 41.38 35.39
22 12.06 58.81 44.27
29 18.20 68.83 53.51
TABLE XXIX
MIGRATION OF PCB (AROCLOR 1260) INTO FOODS
Storage
(days)
Rice 
yg/100 g solids
Shrimp 
yg/100 g solids
Beef 
yg/100 g solids
1 5.55 0 41.81
8 6. 86 6.74 39.62
15 19.47 12.30 42.34
22 32.14 16.67 58.29
29 39.24 23.80 87.72
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TABLE XXX
ADSORPTIVE PATTERN OF PCB IN PEELED 
AND UNPEELED SHRIMP
Sample PCB(yg/100 g solids)
Unpeeled Shrimp Max 183.37
Min 87.66
Peeled Shrimp Max 28.90
Min 26.76
Average Reduction 77.51%
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and 87.7 yg/100 g solids in beef after 29 days for Aroclor 
1254 and 1260, respectively. It is also predictable that 
the surface area adsorption is limited to a certain extent 
since rice, having more surface area, exhibited low concen­
tration of PCBs on weight to weight basis, compared to 
shrimp and beef. Apart from surface adsorption, moisture 
and fat content play a prominent role in PCB migration, as 
for example, in shrimp where more adsorption of Aroclor 
1254 was observed compared to rice, which has more surface 
area available but less moisture content.
Rice and shrimp exhibited less adsorption immediately 
on exposure, contrary to that observed in beef, but slow 
migration or vapor-phase transfer occurs on storage. There­
fore a considerable increase was observed for both rice 
and shrimp as evident from the fact that more than double 
concentration was detected after 15 days of exposure for 
both the Aroclors. In rice the increase in content ranged 
from 3.9 to 8.6 yg/100 g solids for Aroclor 1254 and 5.6 to 
19.5 yg/100 g for Aroclor 1260. Several fold increase was 
noted in the case of shrimp for which the values rose from 
1.1 to 41.4 yg/100 g solids after 15 days for Aroclor 1254, 
and from 0 to 12.3 yg/100 g solids for Aroclor 1260. This 
rate slows down as the storage time is increased except in 
the case of beef.
Observations of the chromatographic peaks (Fig. 30 
and 31) revealed several interesting phenomena. In beef,
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prominent changes were noticed in the chromatogram. Several 
peaks, predicted to be lower chlorinated biphenyls, were 
observed. Further study is needed to elucidate the enzy­
matic or microbial changes that are responsible for their 
formation, which might be true for all fatty foods. How­
ever, the chromatographs of shrimp and rice were less 
altered except for the early appearance of lower chlori­
nated biphenyls.
The chromatogram showing the migration of Aroclor 
1254 in beef indicated a several fold increase for peak 9, 
thus indicating an increase of hexachlorobiphenyls or higher 
chlorinated biphenyl group. A simultaneous decrease was 
also observed in heights of peaks 10, 11 and 12. It is 
assumed that these hexachlorobiphenyls are grouped together, 
thereby increasing the concentration in a single peak. The 
entire pattern and set-up of the chlorinated biphenyl iso­
mers were altered during their migration and accumulation 
in high fatty foods. Several lower chlorinated biphenyl 
peaks made their appearance in beef, unlike that in shrimp 
and rice samples, predictably due to a slow degradation or 
dechlorination process. Similar changes were observed in 
the case of Aroclor 1260, where several hundred fold in­
crease was observed in the height of peak 3, which was 
identified by mass spectrometry as tetrachlorobiphenyl.
Thus hexachlorobiphenyls in Aroclor 1254 and tetrachloro- 
biphenyls in Aroclor 1260 are considerably increased
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during and after migration to beef. Several enzymatic, 
microbial or chemical alterations can be presumed to be re­
sponsible for these unexpected changes. Also, the higher 
chlorinated biphenyls above pentachlorobiphenyls were con­
siderably reduced. Thus in high fatty foods different 
chemical/structural changes can be expected. It is also 
possible that certain isomers are resistant to enzymatic, 
microbial or other degradative phenomena in foods, whereas 
others are more susceptible. It was interesting to note 
the similarity between the chromatographs of Aroclor 1254 
and 1260 extracted from beef. It might be that certain 
isomers react differently to various conditions irrespec­
tive of the chlorine content of the PCB.
The migration of PCBs into cereal foods emphasizes 
the potential seriousness of the problem especially after 
it was noted that 75% of the food products in packaged 
infant cereal samples contained on the average 0.3 ppm of 
PCBs with a maximum level of 1 ppm (Enos, 1972).
Among the two types of PCBs Aroclor 1260 was found 
to be readily adsorbed or absorbed by beef and rice. How­
ever, adsorption for Aroclor 1254 was found to be maximum 
in shrimp. An interesting result obtained in this experi­
ment was the adsorption of PCB to chitinous material of 
the shrimp. A comparison of the peeled and unpeeled 
shrimp (Table XXX) revealed that PCBs are adsorbed to the 
outer chitinous shell of the shrimp in high concentration.
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The difference in PCB for peeled and unpeeled sample was 
found to be as great as 77.5%. It illustrates that this 
amount was concentrated on the outer chitinous shell.
This observation proves to be of high ecological sig­
nificance since it demonstrates the site of PCB accumula­
tion on exposure to contaminated waters. On the other 
hand, it also focuses the potential threat of the utiliza­
tion of the shrimp waste as feeds for fish or other animals. 
It also reveals the so far unpredicted source of PCB entry 
into the food chain, which might lead to a continuous cycle 
of their accumulation. It also opens new avenues of inves­
tigations and partly explains the high levels of PCBs de­
tected in certain fish, molluscs and other animals with 
chitinous outer shell. It is also noteworthy that this 
adsorptive accumulation may assume greater dimensions than 
that of fatty foods on longer exposure as demonstrated by 
comparison in shrimp and beef. This surface adsorption of 
PCB also explains the reason why the fish-eating birds have 
high concentrations of PCBs as in the case of the white­
tailed eagle where it reached as much as 14,000 ppm (Gus­
tafson, 1970). This phenomenon might be true for other 
chemically related pesticides.
The migration of PCBs into fatty foods is of prime 
importance since considerable storage of fat in the human 
body can lead to a reservoir of these toxic products which 
might reach lethal concentrations before being detected in
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susceptible organs, becoming dangerous at times of disease 
or physical stress.
Considering the results obtained, it can be extrapo­
lated that the migration of PCBs into food types takes 
place by either surface adsorption or vapor-phase penetra­
tion or both. These phenomena in turn were found to be 
dependent upon (1) exposed surface area of the food,
(2) fat content of the food, (3) moisture content of the 
food or their microenvironment, and (4) special adsorptive 
surfaces such as chitinous materials in shrimp.
Sun-Drying Studies
It is noteworthy from the results obtained 
(Table XXXI) that complete degradation of Aroclor 1254 in 
shrimp by sunlight takes place after 30 hours in sodium 
nitrite treated shrimp and 36 hours in the untreated 
shrimp. Reduction of Aroclor 1260 requires 48 hours of 
sun-drying for sodium nitrite treated shrimp and 60 hours 
for the untreated shrimp. Apparently, sun-drying effects 
depend upon the percent chlorination of the PCBs. In other 
words, the higher the chlorine content, the longer will be 
the time taken for radiation induced degradation. Also, 
the degradation rate was found to be roughly proportional 
to the time of exposure except during the first 12 hours, 
when rapid degradation took place.
An interesting fact observed was the appearance of
TABLE XXXI
EFFECT OF SUN-DRYING ON 
IN
PCB (AROCLOR 
SHRIMP
1254) CONTENT
Hours
of
Without Sodium Nitrite With Sodium Nitrite
Exposure g/g solids % Reduction g/g solids % Reduction
0 28.9 0 28.8 0
12 24.8 14.1 21.1 26.8
24 12.1 58.2 3.5 87.8
30 1.6 94.4 0 100.0
36 0 100.0 0 100.0
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TABLE XXXII
EFFECT OF SUN-DRYING ON PCB (AROCLOR 1260) CONTENT
IN SHRIMP
Hours
of
Without Sodium Nitrite With Sodium Nitrite
Exposure
g/g solids % Reduction g/g solids % Reduction
0 31.6 0 33.3 0
12 25.6 18.8 22.6 32.2
.24 17.2 45.5 12.0 63.9
36 10.0 68.2 9.3 72.2
48 2.7 91.4 0 100.0
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several smaller peaks in the chromatograms of Aroclor 1254 
and 1260 (Figures 34 and 35) upon radiation and the peak 
heights of some peaks increased several fold. This leads 
to the conclusion that the lower chlorinated biphenyls are 
being formed as a result of breakdown of higher chlorinated 
biphenyls or there is a constant change taking place in the 
isomers of chlorinated biphenyls during the process of 
radiation. These results agree with the investigation of 
Zabik et al. (1971) who predicted photolysis of 3,3',4,4’- 
tetrachlorobiphenyl produced a stepwise dechlorination 
process, that is, the tetrachloro compound led to tri- 
chlorobiphenyl, which in turn produced dichlorobipheny1 .
After 12 hours of sun-drying, 26.8% and 32.2% reduc­
tion of Aroclor 1254 and 1260, respectively, was observed 
for sodium nitrite treated shrimp compared to 14.1 and 
18.8% in untreated shrimp, respectively. This amounts to 
twice as rapid reduction during the first 12 hours for 
treated sample than that for the untreated sample.
In photochemical reactions, the energy necessary to 
start the process is supplied by the absorption of radia­
tion. This radiation absorption in the visible or ultra­
violet region of the spectrum results in a displacement of 
the electrons. If this energy of electronic excitation is 
transferred to give displacement of the atoms within the 
molecule, chemical reactions take place. If the energy of 
atomic displacement becomes sufficiently great, the atoms
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are driven apart and the molecules dissociate; if the atoms 
are displaced to a considerable extent but are not com­
pletely expelled, these molecules with the displaced atoms 
may become activated so that they will react with other 
molecules.
Although PCBs are known to be quite resistant to 
degradation, photolysis by sunlight can induce both degra­
dation as well as several unsuspected photoreactions between 
PCBs and naturally occurring organic compounds. So far very 
little is known about their photochemistry.
In the gas chromatograms of PCBs, the lower chlori­
nated biphenyls appear at early stages followed by higher 
chlorinated biphenyls. Results obtained (Tables XXXI and 
XXXII) indicate that solar radiation has a two-way impact 
on PCB degradation. The higher chlorinated biphenyls, as 
indicated by mass spectrometry, are broken down to lower 
chlorinated biphenyls on one hand, and on the other, lower 
chlorinated biphenyls are degraded simultaneously. Also, 
several hundred fold increase in some of the peaks, par­
ticularly tri- and tetrachlorinated biphenyls, indicates 
that there is an accumulation of breakdown products of 
higher chlorinated compounds. Peaks representing hexa- 
chlorobiphenyl in Aroclor 1254 were found to be most re­
sistant to breakdown.
The successful degradation or detoxification of PCB 
is based primarily on the dislocation or displacement of
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FIGURE 34. Gas chromatographs showing effect of sun-drying 
on PCB (Aroclor 1254) content in shrimp.
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FIGURE 35. Gas chromatographs showing effect of sun-drying 
on PCB (Aroclor 1260) content in shrimp.
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the chlorine atoms clinging fast to the biphenyl molecules 
(Figure i). Irradiation in the presence of certain com­
pounds capable of donating hydroxyl or hydrogen ions can 
partially or completely effect the displacement of chlorine.
3 2 2* 3'
5 6 6 ' 5'
(i)
The geometry of the biphenyl molecule has been shown 
to be planar in the excited state involving a high degree 
of configuration between two phenyl rings, and reactions of 
several monochlorobiphenyls are believed to proceed through 
triplet excited states (Wagner, 1967). In the excited 
state the charge distribution was represented as either 
(ii) or (iii).
“ ~CZ)={ )~ei*
'cl
(ii)
Cl
ClCl
Cl
(iii)
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TABLE XXXIII
PERCENT INDIVIDUAL CHLORINATED BIPHENYLS OP AROCLOR 1254
LEFT AFTER SUN-DRYING OF SHRIMP
Chlorinated
Without Sodium Nitrite With Sodium Nitrite
Biphenyls
12 24 30 
(Hours)
36 12 24 30 
(Hours)
36
Dichloro-
Biphenyl 0 0 0 0 0 0 0 0
Trichloro-
Biphenyl 434.8 0 0 0 305.5 0 0 0
Tetra-
Chloro-
Biphenyl 856.0 0 0 0 851.7 0 0 0
Penta-
Chloro-
Biphenyl 23.7 13.4 0 0 37.0 0 0 0
Hexa-
Chloro-
Biphenyl 84.9 41.6 5.6 0 71.6 11.1 0 0
Hepta-
Chloro-
Biphenyl 0 0 0 0 0 0 0 0
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TABLE XXXIV
PERCENT INDIVIDUAL CHLORINATED BIPHENYLS OF AROCLOR 1260
LEFT AFTER SUN-DRYING OF SHRIMP
Without Sodium Nitrite With Sodium Nitrite
Chlorinated 
Biphenyls
12 24 30 36 12 24 30 36
(Hours) (Hours)
Tri-
Chloro-
Biphenyl 171.5 579.2 348.5 45.1 78.1 115.2 74.7 0
Tetra-
Chloro-
Biphenyl 176.1 219.4 125.6 19.5 63.9 28.0 39.9 0
Penta-
Chloro-
Biphenyl 0 0 0 0 0 0 0 0
Hexa-
Chloro-
Biphenyl 178.8 116.8 77.6 17.6 94.0 66.0 42.6 0
Hepta-
Chloro-
Biphenyl 45.9 17.8 11.0 3.9 30.8 10.1 7.5 0
Octa-
Chloro-
Biphenyl 0 0 0 0 0  0 0 0
Nano-
Chloro-
Biphenyl 0 0 0 0 0  0 0 0
Deca-
Chloro-
Biphenyl 0 0 0 0 0  0 0 0
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FIGURE 36. Effect of sun-drying on PCB (Aroclor 1254) 
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The rate of dechlorination can therefore be consid­
ered to depend upon the extent to which the particular 
chlorine substituents enhance or decrease the likelihood 
of a particular excited state geometry, both physical and 
electronic.
Investigations by Crosby and Moilanen (1973) indi­
cate that the chlorinated aromatic compounds are reduc- 
tively dechlorinated readily in organic solvents when ir­
radiated with ultraviolet light at sunlight wavelengths. 
Under similar conditions, radiation in aqueous media re­
sults in replacement of the chlorine by hydroxyl as well 
as by hydrogen ions.
Cl Cl Cl Cl Cl Cl Cl Cl
0
This also accounts for the mechanism of hydroxy- 
lated product formation proposed by Hutzinger et al. (1972). 
Methoxylated products are probably formed from chlorinated 
biphenyls by nucleophilic attack by methanol, with subse­
quent elimination of chlorine and/or hydrochloric acid.
It is also probable that PCBs yield "free radical" inter­
mediates as suggested by Ruzo et al. (1974), which in turn 
explains the occurrence of dechlorination products in this 
investigation. The resultant products can be expected to 
be HC1 or in some cases NaCl, although further study is
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essential to establish the formation of any product or 
products.
The degradation of PCBs in aqueous suspension fur­
ther supports the conclusion that their reduction during 
sun-drying is possible under polar as well as non-polar 
solvents and the evaporative aqueous media can provide a 
basis for further reductive dechlorination to a certain 
extent. The photodecomposition of lower chlorinated PCB 
isomers in both polar and non-polar solvents will lead to 
effective degradation of these widespread contaminants and 
also reveals their mode of operation in the environment.
The complete degradation of PCB in shrimp on sun-drying 
can be a phenomenon involving one or all of the following 
processes: (a) reductive dechlorination, (b) isomeriza­
tion, and (c) polymerization. The chances that the reduc­
tion takes place solely by vaporization are minimal since 
freeze-drying and other conventional drying methods have 
negligible impact on PCB degradation.
However, the possibility exists that PCB when uni­
formly distributed in a thin layer can easily be degraded 
under solar radiation. If proved, this phenomenon will be 
of high ecological significance since PCBs are uniformly 
spread on shores and other substrates as a result of con­
tinuous flooding and receding of contaminated waters. In 
the case of photochemical isomerization of endrin, the 
thickness of the sample layer was found to affect the rate
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of isomerization. Also the photochemical isomerization 
under natural sunlight was more specific than either the 
chemical or thermal isomerization. This study is in close 
agreement with this phenomenon.
It is too early to predict what exact role sodium 
nitrite plays in the accelerated degradation of PCB. It 
can be presumed to help directly or indirectly by absorbing 
increased radiations. The extent of potential importance 
this result may have cannot be overlooked, considering the 
beneficial effects sodium nitrite can have at low concen­
trations in the preservation of foods.
Also, the amount of PCBs in sun-dried foods can gen­
erally be expected to occur in low concentrations, particu­
larly in shrimp which is low in lipid content. The chances 
of pre-processing contamination are from the polluted 
waters which in turn adhere to the shrimp surface. Since 
sun-drying of shrimp is a common practice in many parts of 
the world, it will have an added advantage that the PCB 
adhering externally or superficially will be automatically 
degraded, thus resulting in a safe product. This will be 
true not only for PCBs but also for DDT and other pesticide 
residues which are closely related to them chemically.
Freeze-Drying Studies
This section of the investigation was prompted by 
reports that certain chlorinated hydrocarbon insecticides 
were eliminated from eggs upon freeze-drying. The
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applicability of this fact to PCBs was evaluated, since 
they are chemically related to chlorinated pesticides, es­
pecially DDT and DDE. Also, two types of food products 
were selected which have pronounced applicability for 
freeze-drying. Whole eggs and shrimp homogenate were con­
taminated with known amounts to facilitate easy assessment 
of PCB losses upon freeze-drying. One milliliter of 100 ppm 
solution each of Aroclor 1254 and 1260 was added and well 
blended for uniform concentration. The samples were then 
analyzed prior to and after freeze-drying.
The average moisture content of the whole eggs and 
shrimp was 97.9 and 74.7% respectively. In order to elimi­
nate fluctuations in moisture, all data are reported in 
micrograms per gram based on total solids. Results 
(Table XXXV) indicate 40.3% reduction of PCB in shrimp 
homogenate containing Aroclor 1254 and 25.2% for Aroclor 
1260 (Table XXXVI). The parallel experiment conducted for 
eggs exhibited 26.8% and 22.6% reduction for Aroclors 1254 
and 1260 respectively. It is evident from the data ob­
tained from this study, as well sun-drying and migration 
studies, that Aroclor 1254 is more easily absorbed and re­
duced as compared to Aroclor 1260. This fact may be at­
tributed to the lower chlorine content. It can also be 
predicted that the still lower chlorinated biphenyl mix­
tures such as Aroclor 1242 will be more easily reducible. 
Aroclor 1260 was found to be most resistant to any
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TABLE XXXV
EFFECT OF FREEZE-DRYING ON PCB CONTENT 
IN SHRIMP HOMOGENATE
Treatment Liquid Sample Fre|a®'ieied Percentvg/g soli(Js Reduction
Shrimp homogenate
+ Aroclor 1254 27.63 16.49 40.3
Shrimp homogenate 
+ Aroclor 1260 20.45 15.29 25.2
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TABLE XXXVI
EFFECT OF FREEZE-DRYING ON PCB CONTENT 
IN WHOLE EGGS
Treatment Li^ id SfmPleyg/g solids yg/g s£lids Reduction
Whole egg +
Aroclor 1254 3.47 2.54 26.8
Whole egg + 
Aroclor 1260 4.74 3.67 22.6
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freeze-drying on PCBs in whole eggs and shrimp.
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FIGURE 39. Gas chromatograph of Aroclor 1254 recovered from freeze-dried egg. 157
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FIGURE 40. Gas chromatograph of Aroclor 1260 recovered from freeze-dried shrimp.
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degradative changes and recorded low percentages of reduc­
tion both in the case of whole eggs and shrimp, evidently 
due to their high chlorine content. Similar to these re­
sults, significant reductions in pesticide contamination 
were reported for freeze-dried whole eggs contaminated with 
Lindane, Dieldrin, pp'-DDT, op'-DDT-DDD and total DDT 
(Zabik et al., 1971).
It is interesting to note that more losses occurred 
in shrimp homogenate than in whole egg homogenate. The 
high fat content of eggs and the lipophilic nature of PCBs 
may be attributed for their relative resistance. Also, 
greater volatilization can be expected from less dense 
shrimp homogenate than viscous whole egg sample. Thus the 
moisture content also has an indirect impact on PCB reduc­
tion. Also, PCB at lower concentrations can be expected to 
be easily reduced.
Dechlorination of the pp'-DDT to form pp'-DDE during 
freeze-drying was reported by Zabik et al. (1971). A de­
chlorination effect was evidenced from the chromatograms 
(Figures 39 and 40) obtained, but its impact was confined 
to lower chlorinated biphenyls only, and was not as exten­
sive as observed in sun-drying or other radiation induced 
dechlorination. There can be direct or indirect reasons 
which might lead to the dechlorination process. One of 
the reasons might be the possible structural formations or 
surface area modifications taking place during freeze-drying
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which might facilitate easy vaporization of PCBs. Dechlori­
nation effects may also result from increased exposure due 
to increased surface area of the food particles after 
freeze-drying.
Thus the potential of freeze-drying in reducing the 
PCBs can be attributed to the following reasons: (1) the
high fat content of eggs and the lipophilic nature of PCBs;
(2) formation of different crystal structure of foods dur­
ing freeze-drying leading to increased exposed surface area;
(3) greater volatilization of PCBs from less dense and vis­
cous solution; and (4) the concentration of the PCBs.
It is apparent therefore that freeze-drying of eggs 
and shrimp, and possibly other foods, do have a potential 
PCB reducing capability. Since PCBs are reported to be in 
low concentrations, this processing method offers another 
added advantage.
Comparative Evaluation of PCB Solutions
Standard 10 ppm solutions of Aroclor 1232 (32% Cl), 
Aroclor 1242 (42% Cl), Aroclor 1248 (48% Cl), Aroclor 1254 
(54% Cl) and Aroclor 1260 (60% Cl) were prepared using 
hexane as the solvent. Two microliters of each solution 
was injected under identical conditions for gas chromatog­
raphy. Also, 1 ml each of these solutions were mixed 
thoroughly and analyzed to study the combined chromato­
grams of all the Aroclor solutions.
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The excellent resolution obtained under the operat­
ing conditions used revealed a total of 25 peaks for the 
five Aroclor standards. The peaks were numbered according 
to their retention times. Mass spectrometric evaluations 
of the Aroclor 1254 and 1260 showed that the lower chlori­
nated biphenyls appear first, followed by higher chlorinated 
biphenyls.
The data obtained from the chromatographs of each of 
the Aroclors and their mixture are presented in Table XXXVII. 
It is evident that Aroclors with low chlorine percentages, 
such as 1232, have comparatively more of lower chlorinated 
biphenyls and less of higher ones. As the percentage of 
chlorine increases there is a prominent increase in the con­
centration of the higher chlorinated biphenyls.
A most interesting and representative chromatograph 
was revealed by the mixture of all the Aroclors (Figure 42), 
which might prove indispensable for the quantitation of 
chlorinated biphenyls. Also, all the chromatographs show 
a similar pattern whereby peaks can be identified and sys­
tematically arranged. Peak 10, which is prominent in all 
the chromatograms, can be arranged to coincide with other 
chromatograms, thus facilitating easy identification.
Another important inference can be drawn from the 
fact that the peaks in the mixture are representative of 
all the Aroclors used and each peak can be individually 
identified (Figures 41 and 42). Therefore, the mixture
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TABLE XXXVII
COMPARATIVE EVALUATION OF PEAK HEIGHTS (CMS) 
OF DIFFERENT AROCLORS AND THEIR MIXTURES
1232 1242 1248 1254 1260 Mixture
2.20 A A
1.60 2.70 *
1.10 1.70 0.50
0.80 1.40 0.40
3.20 5.50 2.60
1.70 2.75 1.00
0.40 0.55 1.30
0.60 0.95 1.25
0.65 1.10 1.75
2.90 5.00 7.90
0.60 1.00 1.20
0.20 0.25 0.25
0.25 0.45 1.50
0.25 0.50 1.80
a 0.20 1.30
a * 0.25
a a a
* a *
* a *
* * *
a a *
a * A
a * *
* A 1.00
* * 1.70
* * 1.25
* * 0.95
* * 3.85
* * 2.05
1.00 A 0.70
0.20 A 0.90
0.10 A 1.10
4.90 0.35 5.40
9.00 3.90 1.60
4.10 4.10 1.70
6.80 1.20 2.50
10.90 7.40 5.10
6.90 12.90 5.40
6.50 10.30 4.30
1.10 6.10 1.80
0.70 4.60 1.00
0.25 8.50 2.10
0.10 3.75 0.80
* 1.50 0.30
* 0.25 0.10
* 0.70 0.10
*Indicates the absence of particular peak.
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FIGURE 41. Comparative gas chromatographs of Aroclors.
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FIGURE 42. Gas chromatograph of Aroclor mixture.
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provides a broad spectrum of peaks representing all the 
Aroclors.
Most of the authors use either Aroclor 1254 or 1260 
for the identification of the PCBs. Individual peaks are 
selected for comparison with unknown samples. This method, 
though applicable, has the following drawbacks: (1) PCBs
present in the environment or the samples may not resemble 
completely any of the Aroclors separately; (2) more than 
one type of Aroclor may be present in the unknown sample;
(3) metabolic processes may reduce or alter the chlorinated 
biphenyls; (4) there are chances of alterations during 
storage as evidenced in the earlier part of this study;
(5) there might be impurities and unchlorinated biphenyls 
present which seriously interfere with the resolution pat­
tern; and (6) it is not practical to subject all the Aro­
clors to gas chromatography for comparison with the unknown 
sample.
Therefore, an efficient and comprehensive quantita­
tion method can be based on the comparison of the unknown 
sample with the chromatogram of the mixture, which will 
eliminate all of the above metnioned shortcomings. In 
addition it will have the following advantages: (i) easy
detection of any PCB component; (ii) prominent peaks and 
chlorinated biphenyls in the unknown sample can be identi­
fied; (iii) type of Aroclor(s) in the sample can be
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outlined; and (iv) elimination of possible errors due to 
contamination. This method therefore proves to be of im­
mense help for the detection and the quantitation of PCBs 
in the environmental or food samples.
SUMMARY AND CONCLUSIONS
The nature of chronic toxicities caused by poly­
chlorinated biphenyls (PCBs) has led to the study of their 
extensive distribution in the ecosystem and it is well es­
tablished now that they are disturbingly widespread in the 
earth's biosphere. The fact that calls for immediate con­
sideration is their indispensable industrial applicability 
on one hand and their easy accessibility to food chains on 
the other. Recent reports (Maugh, 1973) indicating the 
conversion of DDT to PCBs poses another threat, since the 
principal result will be the replacement of one environ­
mental contaminant with another. Studies conducted so far 
have been concentrated on their presence in the environment 
and other related ecological implications. The present in­
vestigation was designed to undertake a multidimensional 
approach to the problems with particular emphasis on their 
impact on foods. Thus, the broad spectrum of the study in­
cludes the identification of various components of PCBs, 
the elucidation of the ways by which they can migrate into 
foods, and their elimination or reduction using different 
food processing techniques, physical and chemical methods.
Although the inferences derived are applicable to 
foods in particular, the results can be traced back to
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various environmental phenomena. In other words, the con­
clusions drawn are significant for foods as well as environ­
ment. Since several aspects are involved in this project, 
the results are summarized in separate sections as outlined 
below:
(1) Combined gas chromatography/mass spectrometric 
identification of PCBs.
(2) impact of radiation and chemical treatments on 
PCBs in solution.
(3) Migratory patterns of PCBs into various food
types.
(4) Effect of food processing techniques in reduc­
tion of PCBs.
(5) A new approach for PCB identification and quan­
titation.
The results of the investigation are summarized individually 
as follows:
1. Mass spectrometric identification revealed that 
PCB mixtures, Aroclor 1254 and 1260, actually consist of 
several chlorinated biphenyls. Each peak in their chro­
matogram represented different chlorinated compounds. So, 
di-, tri-, tetra-, penta-, hexa- and heptachlorobiphenyls 
were identified in Aroclor 1254 and tri-, tetra-, penta-, 
hexa-, hepta-, octa-, nona-, and decachlorobiphenyls were 
found in Aroclor 1260. Hexachlorobiphenyls and heptachloro­
biphenyls were most abundant in Aroclor 1254 and 1260,
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respectively. Also, the retention time taken for chroma­
tography was found to be dependent on the chlorine content 
of the PCB mixture. These results were used to study the 
effect of different physical and chemical treatments on in­
dividual chlorinated biphenyls.
2. Gamma radiation diminished the PCB content to a 
considerable extent. 32.9% and 24.6% reduction was recorded 
for Aroclor 1254 and 1260, respectively. Addition of potas­
sium hydroxide solution accelerated this rate of reduction 
to 69.9% and 51.2%, respectively. A most interesting effect 
was recorded in the presence of calcium hydroxide, where 
relatively maximum reduction was observed. There was no 
significant change in the presence of water or iron filings. 
Thus a solution of 5 ppm PCB will be reduced to 0.596 ppm 
and 1.796 ppm for Aroclor 1254 and 1260, respectively, on 
exposure to 4 mrads of gamma radiation. These effects were 
attributed to (a) the action of gamma radiation on the re­
moval of chloride ions clinging fast to the biphenyls,
(b) simultaneous substitution of hydroxyl ions and the 
formation of potassium or calcium chloride, (c) availa­
bility of more hydroxyl ions for substitution in the case 
of calcium hydroxide, and (d) presence of a divalent cal­
cium ion for effective chlorine replacement and substitu­
tion. The mass spectrometric evaluation revealed a several 
fold increase in many of the peaks. In the presence of 
potassium hydroxide, the nona- and decachlorobiphenyls
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were completely degraded with a consequent increase in the 
tri- and tetrachlorinated biphenyls. Identical observa­
tions with greater intensity were observed in the presence 
of calcium hydroxide. Thus there are dynamic alterations 
taking place on exposure to gamma radiation, whereby 
(a) higher chlorinated biphenyls are reduced to lower ones, 
and (b) the lower chlorinated biphenyls are degraded simul­
taneously.
Although complete degradation was not observed at 
lower doses of radiation, it became apparent that PCBs can 
be made harmless to a much greater extent. Since foods 
contain lower concentrations, this method can be effec­
tively used, at least for reducing the PCB level to a safe 
limit. Compared to sun-drying and ultraviolet radiation, 
the effect of gamma radiation is not confined to superfi­
cial layers of the food or environmental samples.
3. Complete degradation of PCBs was observed on ex­
posure to ultraviolet radiation. Aroclor 1254 and 1260 de­
graded completely after 12 hours and 20 hours of exposure, 
respectively. This reduction was further accelerated by 
the presence of 1% sodium nitrite solution. This treatment 
reduced the time to 6 hours and 12 hours for Aroclor 1254 
and 1260, respectively. Reduction was observed to be pro­
portional to the hours of exposure with the exception of 
the sodium nitrite-treated samples, where sharp degradation 
patterns were recorded. The reduction was dependent on the
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intensity of the energy rather than the amount of energy 
applied. The degradation rate was much slower in petroleum 
ether than in hexane. Thus degradation also depends on the 
transmission limit of the particular solvent. The resultant 
products probably were hydrochloric acid and/or sodium 
chloride, depending on the treatment used. The presence of 
sodium nitrite may facilitate increased absorption of radia­
tion. Whereas an increase was noted in peak heights of 
several peaks on exposure to ultraviolet radiation, an over­
all reduction was noted in the presence of sodium nitrite 
solution. Both high and low chlorinated biphenyls were ob­
served to degrade simultaneously, followed by the medium 
chlorinated biphenyls. The absorption of ultraviolet light 
was presumed to provide the energy required to start the 
photochemical process, resulting in the reductive dechlori­
nation of the PCBs. The presence of ultraviolet light in 
sun rays proves this finding to be of high ecological sig­
nificance as evidenced by the results obtained from sun- 
drying studies. Also, it finds wide applicability in case 
of different environmental pollutants, particularly chemi­
cally related pesticides.
4. Beef, shrimp and rice were selected for study to 
elucidate the mechanism and migratory patterns of PCBs into 
fat, protein and carbohydrate food categories. The packag­
ing films were coated with 500 ppm of Aroclor 1254 and 1260 
separately prior to packaging as well as storage for 4
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weeks. Apparently, beef exhibited a tendency to accumulate 
high concentrations and also showed quick "pick-up" on 
coming in contact with PCBs. This was expected due to the 
lipophilic nature of the PCBs. Also, high chlorine contain­
ing PCBs were likely to migrate to a greater extent, espe­
cially in high fat containing foods. The mechanism of mi­
gration was attributed to (i) adsorptive phenomena and/or 
(ii) vapor-phase phenomena. Surface adsorption phenomena 
were found to be preceded by vapor-phase transmission, es­
pecially in the case of fatty foods. Rice showed low con­
centrations of PCBs, thus leading to the presumption that 
fat and moisture content are more important than the ex­
posed surface area for effective migration. Rice and 
shrimp exhibited less adsorption on immediate exposure but 
eventually demonstrated slow migration on storage. Several 
new peaks, predicted to be lower chlorinated biphenyls, were 
observed in connection with PCBs recovered from beef, show­
ing slow degradation or dechlorination on storage of fatty 
foods. It was interesting to note that the chromatogram 
of Aroclor 1260 resembled closely that of Aroclor 1254 after 
storage, and a slow degradation of Aroclor 1260 was evident.
An unexpected observation was the adsorption of PCBs 
on the outer shell of shrimp. Peeled samples showed 77.5% 
less PCB concentration than unpeeled samples. This fact 
proves to be of great ecological significance since it re­
vealed the site of accumulation in marine species and also
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indicated another source of PCB entry into the food chains. 
This adsorptive accumulation was more intense than that for 
beef. The factors responsible for the migratory patterns 
of PCBs into foods were outlined as (i) exposed surface 
area of the food, (ii) fat content of the food, (iii) mois­
ture content of the food or its micro-environment, and 
(iv) special adsorptive surfaces.
5. Complete degradation of Aroclor 1254 took place 
after sun-drying for 30 hours in sodium nitrite treated 
shrimp, and 36 hours in the untreated shrimp. Reduction of 
Aroclor 1260 required 48 hours and 60 hours for the treated 
and untreated shrimp, respectively. The effect of sun- 
drying was found to be dependent on the degree of dechlori­
nation of PCBs. In other words, the higher the chlorine 
content, the longer will be the time taken for solar radia­
tion induced degradation. Peak heights of some peaks in­
creased considerably and several smaller peaks were appar­
ent. Thus, lower chlorinated biphenyls were being formed 
as a result of breakdown of higher chlorinated biphenyls. 
Although PCBs are known to be quite resistant to degrada­
tion, photolysis by sunlight can induce both reduction as 
well as several unsuspected photo-reactions between PCBs 
and naturally occurring organic compounds. The degradation 
results observed were attributed to the presence of ultra­
violet light in sun rays. The rate of degradation was slower 
due to the lower intensity and lack of short wavelengths in
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sunlight compared to those from the laboratory lamp.
Solar radiation was believed to have a two-way impact 
on PCB degradation. The higher chlorinated biphenyls were 
broken to lower ones on one hand, whereas the lower ones 
were degraded simultaneously. The resultant products were 
expected to be either hydrochloric acid or sodium chloride, 
depending upon the treatment and the moisture content. Also, 
the reduction was presumed to proceed in polar as well as 
non-polar media. The solar radiation induced degradation 
was attributed to one or all of the following processes:
(i) reductive dechlorination, (ii) isomerization, (iii) poly­
merization. The chances that reduction takes place solely 
by vaporization were minimal since freeze-drying and other 
conventional drying methods had negligible impact on PCB 
degradation. But the possibility existed that when PCBs 
are uniformly distributed in thin layers, they can be 
easily degraded. This phenomenon is of great environmental 
significance, particularly in areas where flooding and re­
version of contaminated waters are prevalent. Considering 
the beneficial effects sodium nitrite can have on the food 
preservation properties, this method of treatment definitely 
proves to be of immense help. Since sun-drying of shrimp is 
a common practice in several parts of the world, it will 
prove to be an additional source of ensuring food safety.
6. Whole eggs and shrimp were selected for the 
study of the impact of freeze-drying on these foods
contaminated with known amounts of PCBs. Results indicated 
40.3% and 25.2% reduction in shrimp homogenate containing 
Aroclor 1254 and 1260, respectively. The parallel experi­
ment conducted on whole eggs showed 26.8% and 22.6% reduc­
tion for Aroclor 1254 and 1260, respectively. Aroclor 1260 
was found to be most resistant to any changes and for it 
were recorded low percentages of reduction, both in whole 
eggs and shrimp, evidently due to its high chlorine content. 
Lower chlorinated biphenyls were thus expected to show 
rapid reduction. More PCB losses occurred in shrimp homoge­
nate than whole egg sample, which was attributed to the high 
fat content of eggs and the lipophilic nature of PCBs.
Also, greater volatilization was expected from the less 
dense shrimp homogenate than viscous egg sample. Possible 
structural formations or surface area modifications might 
be responsible for the alterations upon freeze-drying. The 
process can also lead to increased surface area of food 
particles formed after drying, resulting in increased ex­
posure and greater volatilization.
7. Finally, a new approach for the quantitation of 
PCBs in food and environmental samples is outlined. So far, 
the investigations are based on the comparison of different 
samples with one standard Aroclor solution. In this study, 
five different Aroclors were run separately, followed by a 
mixture of all the Aroclors. A representative chromatogram 
was obtained containing prominent peaks of all the Aroclors
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added. Therefore an efficient and comprehensive quantita­
tion method can be based on the comparison with the chro­
matogram of a mixture of different Aroclors or other PCB 
solutions. This will facilitate (a) easy detection of any 
PCB component, (b) identification of prominent peaks and 
chlorinated biphenyls, (c) identification of the type of 
Aroclor or PCB mixture present in the unknown sample, and 
(d) elimination of possible errors due to contamination.
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APPENDIX
MASS SPECTRA OP PCB (AROCLOR 1254) PEAK NO. 1
184
No of chlorine atoms: 1
Monochloro-biphenyl 
Emperical Formula:
C H Cl 
12 9 1
m/e %  Base Peak Ht. m/e %  Base Peak Ht.
135 10.0 153 40.0
136 60.0 154 60.0
137 10.0 155 40.0
141 30.0 156 100.0
142 10.0 157 20.0
143 50.0 169 30.0
144 20.0 170 90.0
150 80.0 171 10.0
151 20.0 186 100.0
152 30.0 - -
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MASS SPECTRA OB’ PCB (AROCLOR 1254) PEAK NO. 2
Cl Dichloro-biphenyl
\  / \ / 2 Emperical Formula:
\ = /  \ = /  C H Cl
12 8 2
No. of chlorine atoms: 2
m/e %  Base Peak Ht. m/e %  Base Peak Ht.
109 30.0 181 10.0
110 20.0 182 30.0
111 40.0 183 20.0
112 20.0 184 40.0
113 30.0 185 10.0
134 . 10.0 206 10.0
135 80.0 207 40.0
136 10.0 208 10.0
148 100.0 219 60.0
149 20.0 220 70.0
150 30.0 221 30.0
180 30.0 222 40.0
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MASS SPECTRA OF PCB (AROCLOR 1254) PEAK NO. 5
Tetrachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 6 4
m/e % Base Peak Ht m/e jfcBase Peak Ht. m/e %  Base Peak Ht.
100 2.06 150 30.93 224 10.31
109 8.25 151 4.12 254 2.06
110 33.11 183 3.09 255 29.90
111 24.74 184 16.49 256 7.22
112 5.15 185 14.43 257 29.90
127 9.28 186 7.22 258 5.15
128 11.34 187 4.12 259 9.28
129 4.12 219 3.09 290 78.35
145 11.34 220 88.66 291 13.40
146 14.43 221 16.49 292 100.00
147 12.37 222 57.73 293 15.46
148 5.15 223 19.28 294 51.55
149 12.37 224 10.31 295 12.22
150 30.93 - _ 296 11.34
Cl
No. of chlorine atoms: 4
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MASS SPECTRA OF PCB (AROCLOR 1254);PEAK NO. 6
Pentachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 5 5
m/e % Base 
Pk. Ht.
m/e % Base 
Pk. Ht.
m/e %  Base 
Pk. Ht.
m/e % Base 
Pk. Ht
108 1.99 145 5.38 217 7.25 289 18.25
109 12.98 146 3.86 218 7.37 290 3.86
110 9.59 147 4.21 219 5.85 291 9.47
111 3.39 148 3.27 220 4.80 292 11.64
119 1.05 149 3.74 221 1.99 293 2.11
120 1.40 157 1.17 222 1.40 322 61.40
121 3.74 158 1.29 253 1.64 323 10.06
122 3.27 159 1.17 254 50.53 324 100.00
125 1.17 162 5.61 255 8.65 325 14.85
126 18.95 163 9.12 256 48.42 326 64.91
127 17.89 164 15.73 257 8.30 327 9.47
128 6.43 165 1.87 258 17.66 328 20.35
131 1.52 181 1.64 259 3.63 329 3.16
132 2.46 182 4.80 260 3.27 330 33.63
133 1.29 183 17.89 286 1.52 - -
134 1.64 184 3.74 287 14.85 - -
144 3.98 185 6.08 288 4.09 —
O - C H
No. of chlorine atoms: 5
APPENDIX D
188
MASS SPECTRA OF PCS (AROCLOR 1254) PEAK NO. 9
Pentachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 5 5
m/e % Base Peak Ht. m/e %Base Peak Ht. m/e % Base Peak
107 1.40 182 1.40 286 21.40
108 7.72 183 3.86 287 23.33
109 5.61 184 15.26 288 6.32
110 1.93 185 3.33 289 29.47
122 2.46 186 4.91 290 6.84
123 2.11 187 0.70 291 15.09
127 12.28 218 5.96 292 3.16
128 11.40 219 6.67 293 3.51
129 3.86 220 5.44 322 59.47
144 2.46 221 4.56 323 10.53
145 3.51 222 1.93 324 100,00
146 2.63 251 1.05 325 15.09
147 2.98 252 46.84 326 61.58
3 48 2.28 253 8.07 327 S9.65
149 2.81 254 46.32 328 21.58
161 4.74 255 7.54 329 3.33
162 7.02 256 16.67 330 3.68
163 4.39 257 3.51 - -
164 1.58 258 3.33 _ —
0 - 0 - cy
No. of chlorine atoms: 5
APPENDIX E
189
MASS SPECTRA OP PCS (AROCLOR 1254) PEAK NO. 10
Hexachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 4 6
m/e % Base Peak 
Height
m/e
fci/i;
% Base Peak 
Height
m/e % Base Pk. 
Height
103 2.27 133 4.92 163 9.09
108 6.06 134 2.65 164 4.92
109 25.38 135 3.41 165 1.89
110 17.05 144 22.73 179 7.20
111 6.06 145 26.89 180 13.26
120 3.03 146 17 17.42 181 12.88
121 3.41 148 5.68 182 10.61
122 7.95 149 3.79 183 10.23
123 3.03 156 1.70 184 18.94
125 9.85 157 2.65 185 4.92
126 27.27 158 3.03 186 5.86
123 20.08 159 1.89 193 1.89
128 6.44 160 1.14 205 1.89
131 1.89 161 1.89 217 3.79
132 4.17 162 7.58 218 26.83
No. of chlorine atoms: 6
APPENDIX F
ra/e
219
220
221
222
223
251
252
253
254
255
256
257
258
259
286
190
MASS SPECTRA OF PCB (AROCLOR 1254) PEAK NO. 10 (Contd.)
% Base Peak m/e %  Base Peak m/e %  Base Peak 
Height Height Height
10.98 287 15.53 328 3.41
117.05 288 56.10 329 3.79
6.44 289 19.32 356 53.41
3.79 290 27.27 357 9.85
1.14 291 10.23 358 100.00
4.92 292 7.58 359 16.29
7.58 293 2.65 360 81.25
50.76 • 320 •4.92 361 12.88
13.64 321 62.50 362 36.36
46.21 322 15.91 363 5.68
9.47 323 98.30 364 9.47
16.67 324 19.32 365 1.52
3.41 325 64.77 366 1.33
3.03 326 10.61 - -
40.15 327 21.59 .. _
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MASS SPECTRA OF PCB (AROCLOR 1254) PEAK NO. 11
Hexachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 4 6
m/e % Base Peak 
Height
m/e %  Base Peak 
Height
m/e % Base Pk. 
Height
107 2.02 134 2.27 169 1.52
108 5.81 135 2.53 170 1.14
109 20.96 142 1.52 171 1.26
110 14.39 143 1.77 178 11.36
111 5.05 145 26.52 179 11.11
120 2.53 146 16.16 180 8.84
121 2.90 147 8.59 181 8.59
123 4.29 148 4.80 182 13.89
126 8.59 149 3.03 183 4.04
127 20.45 161 1.77 184 4.29
128 15.15 162 5.81 191 1.26
129 4.89 163 7.07 192 1.52
131 1.52 164 4.04 193 1.77
132 3.79 165 1.52 ^14 1.26
133 4.55 168 1.01 215 3.54
134 2.27 169 1.52 216 22.98
r m
'Cl
No. of chlorine atoms: 6
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MASS SPECTRA OF PCB (AROCLOR 1254) PEAK NO JLl(Contd.)
m/e % Base Peak m/e % Base Peak m/e %  Base Peak
Height Height Height
217 8.84 287 10.35 329 3.03
218 15.91 288 51.52 330 2.78
219 5.30 289 12.88 356 50.00
220 3.28 290 27.27 357 9.60
221 1.26 291 7.07 358 100.00
251 4.55 292 77.32 359 15.15
252 7.07 293 2.21 360 75.76
253 35.86 . 321 13.64 361 12.12
254 10.86‘ 322 44.70 362 34.85
255 32.32 323 27.78 363 5.56
256 7.07 324 71.21 364 8.59
257 10.86 325 23.74 365 1.26
258 2.53 326 46.21 366 1.39
259 2.02 327 11.11 - -
286 39.39 328 15.66 _
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MASS SPECTRA OP PCB (AROCLOR 1254) PEAK NO. 12
/
Cl
No. of chlorine atoms: 6
Hexachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 4 6
m/e % Base Peak 
Height
100 2.40
108 1.70
109 5.40
110 5.00
111 10.50
112 3.40
120 2.30
121 2.32
122 4.93
123 2.42
126 9.18
127 10.24
128 4.44
129 1.06
131 1.35
m/e %  Base Peak 
Height
132 3.48
133 3.38
134 2.42
135 1.45
143 1.64
144 22.03
145 27.54
146 16.52
147 7.25
148 3.38
156 1.35
157 1.84
158 1.74
162 2.03
163 3.48
m/e %  Base Peak 
Height
164 2.71
165 1.16
179 6.38
180 12.37
181 11.11
182 Q. 99
183 6.67
184 3.38
185 1.84
192 1.06
193 1.16
194 1.06
216 1.26
217 3.48
218 21.45
APPENDIX H
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MASS SPECTRA OF PCB (AROCLOR 1254) PEAK NO. 12 (Contd.)
m/e % Base Peak 
Height
m/e % Base Peak 
Height
m/e % Base P) 
Height
219 5.60 290 57.97 328 2.03
220 1.39 291 9.76 329 1.16
221 2.80 292 28.70 358 52.17
222 2.80 293 5.70 359 8.89
251 5.12 294 7.83 360 100.00
253 8.12 295 1.45 361 14.78
254 6.76 320 1.06 362 79.71
255 5.12 321 15.94 363 11.79
256 3109 322 7.44 364 33.04
257 2.03 324 10.14 365 5.31
258 1.06 325 17.54 366 8.79
288 42.61 326 6.28 367 1.35
289 7.92 327 6.18 368 1.35
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MASS SPECTRA OF PCB (AROCLOR 1254) PEAK NO. 14
Heptachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 3 7
m/e % Base Peak m/e % Base Peak m/e % Base Peak 
Height Height Height
105 1.67 134 1.44 179 10.44
107 4.89 143 1.89 180 10.11
108 13.56 144 21.00 182 6.11
109 9.33 145 27.00 183 2.89
110 3.11 146 15.67 184 1.67
120 2.33 147 6.78 214 1.44
121 4.61 148 3.00 215 6.33
122 2.11 157 1.33 216 6.33
124 9.90 158 1.67 217 5.11
125 9.44 159 1.56 218 12.67
126 4.00 162 2.89 219 2.56
130 1.22 163 4.56 220 2.56
131 3.33 164 3.44 251 6.56
132 3.33 165 1.33 252 6.44
133 1.78 178 5.56 253 7.89
No. of chlorine atoms: 7
APPENDIX I
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MASS SPECTRA OF PCB (AROCLOR 1254) PEAK NO. 14 (Contd.)
m/e % Base Peak m/e % Base Peak m/e % Base Peak 
Height Height Height
254 6.33 321 11.00 361 12.44
255 . 4.00 322 7.44 362 33.33
256 2.67 323 16.67 363 5.44
257 1.33 324 7778 364 9.00
286 41.67 325 11.33 365 1.44
288 56.67 326 4.22 366 1.22
289 9.44 327 3.89 390 3.33
290 27.00 328 1.22 392 7.33
291 5.56 356 53.33 393 1.11
292 7.56 357 9.56 394 7.11
293 2.11 358 100.00 395 1.00
320 3.00 359 16.00 396 3.56
321 11.00 360 81.67 _
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MASS SPECTRA OF PCB (AROCLOR 1254) PEAK NO. 15
Heptachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 3 7
m/e % Base Peak 
Height
m/e % Base Peak 
Height
m/e % Base 
Pk. Ht.
107 1.90 134 2.02 180 9.88
108 6.07 135 1.67 181 9.29
109 14.52 144 2.74 182 8.33
110 9.40 145 21.43 183 6.07
111 2.98 146 26.07 184 2.50
120 2.38 147 16.07 216 1.90
121 2.62 148 7.14 217 4.05
122 4.52 149 2.86 218 19.29
123 1.90 161 5.12 219 5.24
126 10.12 162 8.33 220 12.62
127 10.12 163 5.71 221 2.38
128 3.93 164 2.14 222 2.62
131 1.43 168 1.07 251 8.57
132 4.05 169 1.55 252 6.79
133 3.69 179 5.24 253 9.17
Cl
7
No. of chlorine atoms: 7
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MASS SPECTRA OP PCB (AROCLOR 1254) PEAK NO. 15 (Contd.)
m/e %  Base Peak 
Height
254 6.43
255 3.93
256 2.62
288 13.45
289 7.86
290 50.71
291 9.29
292 25.34
293 5.12
294 6.90
321 6.55
m/e % Base Peak 
Height
322 8.21
323 11.43
324 12.86
325 8.81
326 8.57
327 3.69
328 2.98
357 3.45
358 50.36
359 13.10
360 100.00
m/e % Base Peak 
Se i.ght
361 89.29
362 80.36
363 13.21
364 33.93
365 5.48
366 8.81
388 7.14
389 15.95
390 15.12
391 8.10
392 2.86
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MASS SPECTRA OF PCB (AROCLOR 1260) PEAK NO. 1
Dichloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 8 2
m/e % Base Peak Ht. m/e %  Base Peak Ht.
154 50.00 188 21.43
155 35.71 189 35.71
156 10.71 219 14.29
169 28.57 220 64.29
187 100.00 221 14.27
188 21.43 222 50.00
APPENDIX K
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MASS SPECTRA OF PCB (AROCLOR 1260) PEAK NO. 2
Tetrachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 6 4
m/e % Base Pk. Ht. m/e % Base Pk. Ht. m/e %  Base Pk. Ht.
108 5.77 184 9.62 256 100.00
109 3.21 185 11.54 257 33.97
110 28.85 186 73.08 258 98.08
111 7.69 187 12.82 259 20.51
112 21.15 188 23.08 260 33.97
113 4.17 189 3.21 261 5.13
126 4.49 218 1.92 288 48.08
127 11.54 219 46.80 289 7.69
128 8.33 220 9.62 290 59.62
129 2.56 221 33.33 291 8.97
149 10.26 222 6.09 292 30.13
150 34.62 223 6.09 293 3.85
151 19.87 224 1.28 294 7.05
152 3.21 255 21.15 - -
0 0 - 4
No. of chlorine atoms: 4
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MASS SPECTRA OF PCB (AROCLOR 1260) PEAK NO. 3
/ Cl Tetrachloro-
Biphenyl
Emperical Formula:
No. of chlorine atoms: 4
C H Cl 
12 6 4
m/e % Base Peak 
Height
m/e % Base Peak 
Height
m/e % Base Peak 
Height
108 1.07 183 1.75 256 7.46
109 4.41 184 10.34 257 23.56
110 18.14 185 9.83 258 5.76
111 11.86 186 5.99 259 8.48
112 2.32 187 3.45 260 1.81
127 5.48 218 1.19 290 79.24
128 5.59 219 2.37 291 11.86
129 2.03 220 4.24 292 100.00
146 6.05 221 3.50 293 14.75
147 8.14 222 44.92 294 50.00
148 6.05 223 7.01 295 6.95
149 2.77 224 8.64 296 11.02
151 6.44 225 2.43 297 1.70
152 17.29 254 2.54 298 1.13
153 2.71 255 2.43 - -
APPENDIX M
MASS SPECTRA OF PCB (AROCLOR 1260) PEAK NO.4
202
Pentachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 5 5
m/e % Base Peak 
Height
m/e % Base Peak 
Height
m/e % Base Peak 
Height
106 3.39 144 4.29 169 1.47
109 16.61 145 9.83 170 2.37
110 25.08 146 10.17 171 1.24
111 14.80 147 8.70 172 1.58
112 2.49 148 5.65 181 1.36
120 2.03 149 9.04 182 2.37
121 2.60 150 13.69 183 6.55
122 6.10 151 1.81 184 28.14
123 6.67 156 1.81 185 11.64
124 1.81 157 2.03 186 10.85
126 1.24 158 2.49 187 3.39
127 23.39 160 6.44 ‘ 192 1.24
128 13.05 161 9.83 193 2.71
129 8.02 162 6.44 194 1.13
130 1.36 163 2.26 195 1.69
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MASS SPECTRA OF PCB (AROCLOR 1260) PEAK NO. 4 (Contd.)
m/e % Base Peak m/e % Base Peak m/e % Base Peak 
Height Height Height
218 8.14 257 6.33 294 10.62
219 10.28 258 4.75 295 1.92
220 47.80 259 .3.73 323 61.02
221 12.54 260 1.36 324 9.94
222 45.76 286 2.03 325 100.00
223 5.65 287 7.91 326 14.80
224 5.99 288 77.97 327 64.41
225 1.58 289 39.66 328 9.49
253 53.56 290 98.31 329 6.78
254 11.53 291 27.46 330 3.28
255 52.54 292 45.76 331 3.62
256 11.07 293 10.17 —
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MASS SPECTRA OP PCB (AROCLOR 1260) PEAK NO.5
6 Biphenyl
Emperical Formula: 
No. of chlorine atoms: 6 C H Cl
12 4 6
m/e % Base Peak 
Height
m/e % Base Peak 
Height
m/e %  Base Peak 
Height
108 4.53 145 11.71 169 1.71
109 21.54 146 8.29 170 1.54
110 15.38 147 7.01 171 1.03
111 5.47 148 5.21 181 1.71
120 2.39 149 6.32 182 2.39
121 2.99 153 1.03 183 3.93
122 6.32 154 1.97 184 7.95
123 5.30 155 2.22 185 9.15
124 1.11 156 1.88 186 6.07
125 2.74 157 1.03 187 9.23
126 27.44 163 6.92 188 1.20
127 25.13 164 10.60 192 1.28
128 8.72 165 6.84 193 2.14
129 1.45 166 2.31 195 1.11
144 8.72 168 1.79 216 1.71
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MASS SPECTRA OP PCB (AROCLOR 1260) PEAK NO.5 (Contd.)
m/e % Base Peak m/e 96 Base Peak m/e % Base Peak 
Height Height Height
217 13.85 259 3.68 326 23.59
2ie 11.45 285 6.58 327 100.00
219 10.77 286 10.34 328 14.62
220 7.18 287 10.00 329 31.54
221 1.97 288 13.08 330 5.13
222 1.97 289 6.41 331 5.73
252 2.99 290 6.58 356 5.21
253 71.79 291 2.14 358 9.83
254 12.56 292 1.54 359 1.54
255 69.23 323 97.44 360 7.95
256 10.85 324 16.67 361 1.20
257 23.33 325 29.49 362 3.42
258 4.44 326 23.59
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MASS SPECTRA OF PCB (AROCLOR 1260) PEAK NO.6
Hexachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 4 6
m/e % Base m/e % Base m/e % Base m/e % Base
Pk. Ht. Pk. Ht. Pk.Ht. Pk. Ht.
105 15.78 150 2.22 220 1.33 319 2.80
107 6.67 161 3.16 251 1.87 320 66.67
109 2.44 162 4.49 252 7.78 321 14.44
120 1.24 163 2.84 253 7.56 322 100.00
121 2.67 17-9 1.78 254 6.67 323 66.67
122 1.96 180 1.87 255 6.22 324 10.67
125 18.89 181 2.31 256 2.53 325 88.89
126 3.78 182 3.47 257 1.29 326 2.13
127 15.78 183 3.20 258 1.02 327 2.31
128 2.13 184 2.22 284 6.40 354 5.78
129 3.33 185 3.11 285 1.51 356 2.53
145 8.89 215 1.07 287 l!91 357 2.31
146 11.56 216 12.00 286 2.71 358 14.44
147 4.84 217 4.62 288 4.44 359 1.38
148 3.33 218 5.47 289 1.07 360 3.96
149 2.22 219 2.93 290 1.20 362 1.02
No. of chlorine atoms: 6
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MASS SPECTRA OP PCB (AROCLOR 1260) PEAK NO.7
Heptachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 3 7
m/e % Base 
Pk. Ht.
m/e % Base 
Pk. Ht.
m/e % Base 
Pk. Ht.
m/e % Base 
Pk. Ht.
100 15.88 149 26.47 223 7.84 329 12.35
102 8.63 150 12.35 224 4.90 330 20.59
106 10.78 152 7.65 254 9.02 358 50.00
108 36.47 163 10.00 255 52.35 359 8.24
110 24.71 165 11.76 256 13.92 360 94.12
112 8.43 167 6.47 257 46.47 361 14.71
121 4.51 180 6.47 258 10.00 362 76.47
123 5.49 182 12.94 259 15^88 363 11.76
124 10.39 183 12.55 291 47.65 364 32.94
125 6.47 184 12.75 292 63.53 365 5.10
127 12.94 185 12.94 293 32.35 366 8.43
128 34.71 186 24.51 294 8.63 392 2.55
129 11.96 187 6.28 321 12.16 394 5.69
133 2.35 188 7.45 322 20.98 396 5.49
134 6.47 219 5.49 324 8.82 398 3.14
136 4.51 220 32.35 325 100.00 - -
147 30.59 221 14.12 326 24.71 - -
148 41.17 222 23.14 327 64.70 _ -
No. of chlorine atoms: 7
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MASS SPECTRA OF PCB (AROCLOR 1260) PEAK NO.8
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Heptachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 3 7
m/e % Base 
Pk. Ht.
m/e %  Base 
Pk. Ht.
m/e % Base 
Pk. Ht.
m/e %  Base 
Pk. Ht.
108 5.09 135 1.39 183 6.02 292 9.07
109 13.89 143 20.57 184 2.50 293 6.94
110 9.26 144 25.28 217 3.43 322 8.33
111 3.06 145 15.00 218 17.78 325 13.15
120 2.22 146- 15.00 219 4.91 328 8.70
121 2.50 147 3.06 220 11.11 356 54.1^
122 14*17 160 2.41 221 2.41 357 8.89
123 1.94 161 3.89 222 2.32 358 100.00
126 8.70 162 3.33 251 5.93 359 83.33
127 8.89 163 2.04 252 6.30 360 65.28
129 3.61 169 1.57 253 6.85 361 33.61
131 1.39 179 4.54 254 5.74 362 5.19
132 3.33 180 8.70 255 3.43 363 8.98
133 3.43 181 8.43 290 41.67 392 1.90
134 1.85 182 7.50 291 56.94 - -
No. of chlorine atoms: 7
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MASS SPECTRA OP PCB (AROCLOR 1260) PEAK NO. 9
Heptachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 3 7
m/e % Base 
Pk. Ht.
m/e %  Base 
Pk. Ht.
m/e % Base 
Pk. Ht.
m/e %  Base 
Pk. Ht.
108 24.56 143 7.17 221 16.46 321 16.46
109 5.91 144 23.12 252 13.08 322 10.97
110 24.89 146 10.55 253 8.02 324 5.91
111 5.70 159 5.06 255 11.39 325 3.80
112 55.70 160 8.65 257 7.60 3 5 55.27
122 6.75 161 6.33 259 5.91 356 10.97
125 14.35 162 6.33 285 46.84 357 100.00
127 15.61 169 2.53 287 8.44 358 17.30
131 5.27 180 10.97 290 58.22 359 86.08
133 5.70 181 10.55 291 30.80 360 13.50
135 3.17 182 10.55 293 7.60 361 36.71
140 30.80 183 8.44 317 3.80 362 8.86
141 8.02 219 5.06 319 t 25.65 392 3.38
142 38.82 220 25.74 320 10.55 - ~
No. of chlorine atoms: 7
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MASS SPECTRA OF PCB (AROCLOR 1260) PEAK NO. 10
Heptachloro-
Biphenyl
Emperical Formula: 
C H Cl 
12 3 7
m/e % Base 
Pk.Ht.
m/e % Base 
Pk.Ht.
m/e % Base 
Pk.Ht.
m/e % Base 
Pk.Ht.
108 24.14 179 10.34 220 5.17 323 100.00
109 17.24 180 10.34 251 37.93 324 20.69
110 10.37 181 10.34 252 8.62 325 72.41
125 24.14 182 13.79 253 44.83 326 13.79
144 IB. 97 183 6.90 254 6.90 327 31.03
145 27.59 184 6.90 255 17.24 328 6.90
146 24.14 195 8.62 284 6.90 329 25.86
147 17.24 196 17.24 285 10.34 357 17.24
148 17.24 197 12.07 286 18.97 358 31.01
162 41.33 198 8.62 287 12.07 359 25.86
163 68.97 2l5 8.62 288 20.69 360 24.14
164 44.83 216 10.34 289 8.62 361 18.97
165 13.79 217 12.07 290 10.34 362 13.79
166 27.59 218 8.62 321 55.17 363 8.62
167 10.34 219 5.17 322 10.34 392 68.97
No. of chlorine atoms: 7
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